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ABSTRACT 
The city of Melbourne in Victoria, Australia has been recognised as having high quality 
drinking water, but like other urban cities in the world, its growing population means 
increasing water demand. Melbourne is also already on its eight year of dry climatic 
conditions and is currently experiencing a drought that forced water authorities to impose 
water restrictions after 20 years of unrestricted supply. The current drought, dwindling 
supplies and possible impact of climate change highlight the importance of making better use 
of this precious resource. 
The Water Resources Strategy has been developed for Melbourne, which serve as the basis 
for the Victorian Government to set per capita consumption reduction targets of 15%, 25% 
and 30% by 2010, 2015 and 2020 respectively. The strategy was developed to ensure a 
continuation of a safe, reliable and cost effective water supply that is environmentally 
sustainable in the long term. This is in recognition that population growth and water 
consumption will eventually require additional supplies of water (Water Resources Strategy 
Committee for the Melbourne Area 2002). 
One of the key findings of the National Land and Water Resources Audit’s Australian Water 
Resources Assessment 2000 is the lack of detailed knowledge about the end use (Australian 
Water Association 2001). The “end use” of water is a breakdown of the total household water 
usage in a single-family home such as toilets, showers, washing machines, taps, garden 
watering, etc. Water use efficiency, recycling, trading and pricing are increasingly becoming 
priorities and provide opportunities for development. To support and foster this shift in 
development emphasis, improved information on water use is essential. 
Recognising the lack of understanding on end use of water and the need for improved 
demand forecasting models as well as the development and evaluation of conservation 
strategies, this research adopted a detailed investigation of water use known as end use 
analysis. It will improve understanding on water use particularly at end use level and develop 
models to forecast urban residential water demand by using the available relevant data 
collected by Yarra Valley Water (YVW), a retail water company in Melbourne, Australia. 
This research involves the analysis of end uses of water from a number of single-family 
homes in Greater Melbourne, Australia which included water demand data at 1-minute and 
5-second intervals from logged households collected by YVW in 2001 and 2004 respectively. 
The research results show how much water is being used for outdoor and indoor purposes in 
a residential home in Melbourne and compares the water usage before and after water 
restrictions as well as between winter and summer water usage.  
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End use models for toilet, shower, laundry, tap and cooler in the form of regression equations 
were developed from logging data and household survey during the February 2004 
monitoring. These end use models were validated using Aug 2004 and Feb 2001 monitoring 
data. Based on these end use models a Residential Indoor Water Use Estimation computer 
program (Java Applet) and a GIS-based Residential Indoor Water Use model which are 
designed to run within a Web-browser either on-line or off-line were developed. The 
estimation computer program calculates the average total water use per household for total 
indoor and its major components such as shower, toilet, laundry, dishwasher and cooler. The 
GIS-based model estimates the average daily indoor water use for each suburb in Greater 
Melbourne, Australia.  
A new daily time series model for East Doncaster, Melbourne, Australia was also evaluated. 
The daily urban residential water model depends on the postulate that total water use is 
made up of base use and seasonal use, where base use is characterised by the water use 
during winter months and seasonal use on seasonal, climatic and persistence components. 
Using the daily data collected by YVW for East Doncaster water supply distribution zone and 
the corresponding rainfall and temperature data from the Bureau of Meteorology (BOM) from 
1990-2000, the base values were calculated based on lowest months of water usage in a 
year and were correlated with the day of the week, temperature and rainfall. Results revealed 
these three factors to be statistically significant and therefore, base use to be climate 
dependent. The seasonal water use was modelled by a series of three equations. The 
separation of the random component from the climatic variable resulted in a better R2 value 
of 86%. The model was validated using different sets of data from 2000-2001 yielding a R2 
value of 88%. The “threshold” or “reference” temperature and rainfall were also identified. 
The “threshold” or “reference” temperature is defined as the temperature below which water 
use is independent of temperature and the “threshold” or “reference” rainfall is the rainfall 
above which it would no longer contribute to the reduction of daily residential water use. 
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Chapter 1. INTRODUCTION 
1.1. Background and Justification 
The city of Melbourne in Victoria, Australia (Figure 1-1) has been recognised as having high 
quality drinking water, but like other urban cities in the world, its growing population means 
increasing water demand. Melbourne is also already on its eight year of dry climatic 
conditions and is currently experiencing a drought that has forced water authorities to impose 
water restrictions after 20 years of unrestricted supply. The current drought, dwindling 
supplies and possible impact of climate change highlight the importance of making better use 
of this precious resource. 
 
 
 
 
Figure 1-1. Location Map of Greater Melbourne 
The Water Resources Strategy has been developed for Melbourne, which serve as the basis 
for the Victorian Government to set per capita consumption reduction targets of 15% by 
2010, 25% by 2015 and 30% by 2020.  The strategy was developed to ensure a continuation 
of a safe, reliable and cost effective water supply that is environmentally sustainable in the 
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long term. This is in recognition that population growth and water consumption will eventually 
require additional supplies of water (Water Resources Strategy Committee for the Melbourne 
Area 2002). The Committee’s preference is a minimal increase in total water use with a 
minimal increase in supply from the existing catchments by 2050.  The recommended 
strategy aimed at limiting Melbourne’s average total annual water use in 2050 to 571,000ML 
compared to the projected annual water demand of 659,000ML under no demand reduction 
(Figure 1-2).  
 
Figure 1-2. Water Demand and Supply Graph, Water Resources Strategy Committee for the 
Melbourne Area (2002) 
The strategy included demand reduction measures to attain this target, however this target is 
slightly more than is currently available from the existing catchments, thus some 
recommended supply measures are also included for example, reconnecting the Tarago 
Reservoir with a new treatment plant. 
The recommended demand reduction measures included among others the regulation for 
AAA shower roses, AAAA washing machines, education for efficient garden practices and 
education and incentives for rainwater tanks and/or recycling at individual properties. The 
Committee also recommended that the retail water companies carry out further studies in 
Melbourne for identifying and quantifying use and water consumption influences in both the 
domestic and industrial/commercial sectors. Another recommendation is for Melbourne 
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Water and the retail water companies continue on-going, active evaluation of climate change 
impacts in the supply and demand measures. 
To the urban water supply industry, demand management is an important tool to ensure that 
water demand does not exceed available supply (Coombes et al. 2000). Yarra Valley Water 
(YVW) is one of the three retail water companies in Greater Melbourne, Victoria, Australia 
servicing most of the urban population of Melbourne. It is Victoria’s largest retail water 
company and provides water and sewerage services to more than 1.5 million people. The 
Company, which is owned by the Victorian Government, operates commercially under a 
Board of Directors appointed by the shareholder. The company’s operating licence covers 
approximately 4,034 square kilometres of Melbourne’s northern and eastern suburbs (Figure 
1-3). One of its most important priorities is to conserve water and a long-term approach is 
being undertaken to ensure a sustainable water supply in the future.  Demand management 
methods such as user pays, pricing, community education and water conservation programs 
implemented over the years have seen a reduction in water consumption. Water usage at a 
water supply zone level is monitored on a daily basis allowing them to accurately target 
areas for loss reduction programs (YVW 2001). Household water usage data at the end use 
level were also collected at one-minute and five-second intervals through data loggers 
installed in a sample of household residents.  
 
Figure 1-3. Yarra Valley Water's Licence Service Area (YVW, 2002) 
One of the key findings of the National Land and Water Resources Audits Australian Water 
Resources Assessment 2000 is “Understanding Water Use” (AWA 2001). It has been 
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revealed that water use has increased in the last 15 years but there is a lack of detailed 
knowledge about the end use. The “end use” of water is a breakdown of the total household 
water usage in a single-family home such as toilets, showers, washing machines, taps, 
garden watering, etc. Water use efficiency, recycling, trading and pricing are increasingly 
becoming priorities and provide opportunities for development. To support and foster this 
shift in development emphasis, improved information on water use is essential. 
In the past, planners have relied on mechanical estimates of water savings based on 
manufacturers’ specification of the conservation devices being installed or on comparison of 
seasonal and annual water use between randomly selected control and study groups. 
According to Chestnutt and McSpadden (1991) each of these approaches is subject to 
systematic errors and only few alternatives were available due to an inability to directly 
measure the residential end uses of water in an efficient and inexpensive manner from a 
sufficiently large sample. Accurately measuring and modelling the residential end uses of 
water and the effectiveness of conservation efforts has been the Achilles heel of urban water 
planning for many years (American Water Works Association 1999). Understanding where 
water is put to use by the consumers is critical information for water authorities, planners and 
conservation professionals. Empirical evidence of the effectiveness of specific conservation 
measures can be used to improve the design of conservation programs and can provide 
justification for continued support of conservation measures.  
1.2. Objectives 
The objectives of this research were to: 
• Identify daily urban water use patterns on an hourly basis for total household usage, total 
outdoor usage, total indoor usage and for the major components of indoor use (eg. 
toilets, showers, washing machines, etc). 
• Identify variations in water usage for each water-using appliance according to influencing 
factors such as seasons, temperature, rainfall and household size. 
• Develop urban water demand models that would: 
• Explain household water use among major end uses of water 
• Forecast daily urban residential water demand  
1.3. Scope 
The scope of this research was to develop water demand models to forecast daily urban 
residential demand. 
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Limitations of this study include the following: 
• Only water use on an hourly and daily basis was studied. Other time intervals such as 
weekly and monthly were not investigated except when necessary to clarify the behaviour 
of the daily data. 
• Only water use data from single family-detached households was analysed for end use 
analysis. Other clusters of housing such as town houses and flats were not investigated. 
• Only residential water use was analysed. Other categories such as water use from 
commercial and industrial sectors were not investigated. 
• Air temperature and rainfall were the only causal variables included in the implementation 
of the proposed model. Other causal variables such as socio-economic factors, special 
holidays and other weather variables were not examined, although extension of the 
model to include them is possible. 
• In order to compare forecasting performance for different models, maximum temperature 
and rainfall in the forecasting period were assumed known as observed in historical 
records. 
1.4. Main Contributions of this Research 
The main contributions of this research to the scientific understanding of daily residential 
water use forecasting were: 
• To increase the understanding of end uses of water. This research described and 
analysed variations in water use for each major component across single-family detached 
households in Melbourne. 
• To develop urban water demand models based on end use level of information to 
forecast residential water demand in Melbourne, an approach adopted only in a few 
studies in the USA and has been reported only in a limited number of technical reports in 
Australia. The models are able to explain the variations observed and the factors 
influencing the variations in household water use as well as the factors that can be 
manipulated to change water use behaviour. 
Recognising the lack of understanding on end use of water and the need for improved 
demand forecasting models as well as the development and evaluation of conservation 
strategies, this research adopted a detailed investigation of water use known as end use 
analysis. It will also improve understanding on water use particularly at end use level and 
developed predictive models to forecast urban residential water demand by making the most 
of the available data collected by YVW. 
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This research will provide information to assist Water Authorities and the community to make 
informed decisions when they consider options to focus water conservation efforts. The 
result of this research can also be used as a tool for community education, to generate 
meaningful discussion on particular findings and to assist with planning and policy 
development for adopting particular strategies relating to water demand management. The 
forecast demands will also assist with accurate planning of infrastructure to service future 
growth. 
Specifically, this research which involved analysis of end uses of water will enable planners 
and water authorities to estimate the savings in their water conservation programs and to 
determine if the 15% reduction in per capita consumption by 2010 set in the Water 
Resources Strategy for Greater Melbourne is met. This will also increase awareness and 
assist in determining what component of end uses of water (household water usage) could 
be reduced and by how much which will enable the development of strategic conservation 
programs and their effective implementation. Measurement of end uses of water within the 
households will also aid in quantifying the amount of water used in the households that can 
be recycled and what component of end uses of water can be sourced from “other than 
drinking water”. These measurements can be used for third piping system designs, and in 
determining appropriate rainwater tanks sizes. 
1.5. Layout of the Thesis 
 
This thesis is divided into eight chapters. Detailed appendices which include a copy of the 
survey questionnaire, additional tables and figures and a list of conference and journal 
papers written in relation to this research are presented at the end of the thesis. The Abstract 
and the Introduction are already discussed in the previous chapters and from this point the 
thesis chapters are briefly presented as follows: 
Chapter two reviews some of the previous and current literature pertaining to studies and 
models developed on residential end uses of water and at water supply distribution zone 
level in Australia and overseas. 
The study approach, procedures and methodology followed in this research is discussed in 
Chapter Three. This chapter is divided into two subsections; the first one is deals with the 
methodology used in end use analysis and model development and the second on water 
supply distribution zone data analysis and daily urban residential water model development.  
The results of the analysis of end use data is discussed in Chapter Four including the hourly 
demand profiles of average daily water use per household and of major components of end 
uses of water. The calculated possible water savings of converting into efficient water using 
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appliances is also presented. The estimated possible savings are compared with the 
reported savings in Australia and overseas. 
Chapter Five highlights the end use models developed in the form of multiple regressions 
from the analysis of end use data in Chapter Four. These end use models are for average 
daily water use per household for total indoor, toilet, shower, laundry, dishwasher, tap and air 
conditioner.  The development of a computer residential indoor water use estimation program 
and a GIS-based residential indoor water use model based on the regression equations for 
each major end use of water is also discussed in this chapter. The program is a Java Applet, 
designed to run within a Web-browser (i.e. MS Internet Explorer) either on-line or off-line.  
The results of the analysis undertaken on the East Doncaster water supply distribution zone 
demand and demand profiles of average daily demand are presented in Chapter Six. Factors 
influencing urban residential water use such as population, maximum daily temperature and 
rainfall are also discussed. The evaluation of a new daily urban residential water demand 
model and the identification of “threshold” or “reference” temperature and rainfall are also 
presented in this chapter. 
Chapter Seven presents the summary, conclusions and recommendations for further 
research. 
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Chapter 2. LITERATURE REVIEW  
To attain the objectives stated in Section 1.2, this chapter focuses on literature review of the 
existing residential water use models: annual, monthly or daily demand models at the water 
supply distribution zone and at end use level of water usage. A general layout of a water 
supply distribution system consisting of three parts loosely defined as the storage or 
reservoir, the water supply distribution zone, and the end uses of water is shown in Figure 
2-1. The literature review covered only the models developed in the Water Supply 
Distribution Zone and End Use Level (Figure 2-1).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1. Layout of the Water Supply System 
The discussion begins with a review of studies and models that used water use data 
disaggregated into end uses of water such as toilets, showers, laundry, garden watering, 
pools, spas, etc. in Section 2.1. Residential water demand models using daily, monthly and 
annual data at the water supply distribution zone and at household levels are reviewed in 
Section 2.2 
End use 
Water 
Supply 
Distribution 
Zone 
Storage
Distribution Zone 3 Distribution Zone 2 Distribution Zone 1
Household 1 Household 2
Indoor Use
Outdoor Use
Toilets
Garden Watering
Swimming Pool & Outdoor Spa
Other Outdoor Uses
Shower
Laundry
Kitchen
Evaporative Cooler & Other Indoor Uses
 11
2.1. End Use Models 
According to Mayer et al. (1999), Brown and Caldwell (1984) reported that the June 1984 
Department of Housing and Urban Development (HUD) report, Residential Water 
Conservation Projects, has been a standard reference on water use rates for selected 
residential appliances and fixtures. The report is being relied upon by the water industry in 
USA for information about the end uses of water in the single-family residential sector. The 
HUD study quantified water savings from low-flow plumbing fixtures and devices, which 
reduce water use in the typical residential setting. Data were collected from more than 200 
single-family homes in California, Colorado, Washington DC, Virginia, Georgia, and New 
Jersey on water saved by 13 litres per flush (Lpf) toilets, 11 litres per minute (Lpm) 
showerheads, retrofit programs, advanced water saving fixtures, water pressure regulation, 
and water meters. Important findings from this study included: breakdown in water use in 
“non-conserving” and “conserving” homes on a per capita basis; measurements of water 
savings due to conserving fixtures and other devices; water savings from retrofit programs; 
water savings due to metering; and the effect of reducing water pressure on water use.  
However, Mayer et al. (1999) noted that the HUD study is due for an update as, it lacked 
precise information on individual residential water uses and data from a larger sample of 
single-family homes and was not designed to address outdoor residential irrigation demand. 
The techniques implemented in the study such as individual toilet flush counters and shower 
flow measurement devices were described to be intrusive and cumbersome although 
considered to be the best available at the time to monitor water use. Participants were 
always aware that they were being monitored. Because of the difficulty in obtaining accurate 
measurements of the end uses of water, the study relied upon a mix of measurements and a 
priori judgement to get a specific task done.  
A number of subsequent studies have collected specific data on residential water use rates 
using new technology not available in 1984 (Mayer et al. 1999). The East Bay Municipal 
Water District (EBMUD) sponsored a study conducted in California, USA six years after the 
HUD study was completed and examined water use in 25 single-family homes in the 
Oakland, USA area (Aher et al. 1991).  This study which included a toilet and showerhead 
retrofit program and measurements of water temperature and pressure collected water use 
data using micro-meters on a few important fixtures wired to an on-site personal computer 
equipped with data collections and data transfer hardware. The total cost of the study was 
approximately US$250,000 or US$10,000 per home and did not attempt to break down water 
use into end use components beyond toilets and showers since the focus was on indoor use. 
Although expensive, this research proved that end uses in the residential sector could in fact 
be measured using modern technology (Mayer et al. 1999). 
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As reported by Anderson et al. (1993), a Tampa, Florida, USA study used the system 
developed for the EBMUD study to examine indoor water use in 25 single-family residences 
before and after a retrofit of ultra-low-flow (ULF) toilets and of low-flow (LF) showerheads. 
This study which primarily focused on toilet and shower water use patterns attempted to 
quantify outdoor water use. The data collection technique employed in this study, while 
effective was intrusive and did not permit the full extent of end use disaggregation its cost 
was high (Mayer et al. 1999). While direct measurements of residential water use can usually 
only be made on small samples of single-family homes, statistical models which utilise 
historic water billing data and household level socio-economic data can have large samples 
cast across entire service areas (Mayer et al. 1999).  
Mayer et al. (1999) also reported that the classic report by Hunter (1940) on estimating 
loading in plumbing systems is one of the earliest efforts to estimate water demand and used 
fixture counts and characteristic load-producing values of commonly used plumbing fixtures 
to develop estimates of peak demands by means of probability function. This work has been 
the basis for sizing water meters and service lines for nearly 60 years. 
According to Mayer et al. (1999), Planning and Management Consultants Ltd. (PMCL) of 
Carbonale, Illinois, USA conducted a study of the Pasadena LITEBILL water and energy 
conservation program that used a multivariate regression approach combining historic billing 
data and socio-economic data obtained from a telephone survey to measure conservation 
effectiveness in 1993 (Kiefer et al. 1993). In 1994, PMCL conducted an analysis of 
conservation programs in Phoenix, Arizona which included a statistical disaggregation of 
residential end uses via forecast models consistent with the IWR-MAIN Water Use 
Forecasting System (Kiefer 1994). This study which used billing data and telephone survey 
data from 494 single-family homes, found that statistical techniques are capable of identifying 
many single-family water use trends and characteristics, but limitations of the methodology 
were also noted. Kiefer (1994) recommended end-use metering of specific residential end 
uses to test and verify the modelling results (Mayer et al. 1999). 
Kiefer et al. (1993) reported that in the early 1990’s PMCL introduced meta-analysis to 
account for differences in the three variables namely, study quality, service area, and sample 
characteristics to reconcile different findings of conservation water savings from numerous 
studies conducted. In this study cross-sectional estimates of household water savings from 
retrofits were represented as a function and the three variables and the meta-analytical 
function was estimated using linear regression (Mayer et al. 1999). 
Chestnutt et al. (1992a) reported that a 1992 study of conservation effectiveness in Santa 
Monica by A&N Technical Services used seven years of billing data from 23,000 homes in 
conjunction with household characteristics obtained from inspection surveys and follow-up 
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telephone questionnaires to model residential demand. In this study, water demand was 
specified as a continuous function of time to describe how climate affects demand and how 
demand and conservation vary throughout the year. This study also took great pains to 
eliminate unmeasured and mismeasured household characteristics, which can impact 
models of conservation savings (Mayer et al. 1999). 
According to Chestnutt et al.(1992b) A&N Technical Services also estimated the savings 
from two pilot water conservation programs for Irvine Ranch Water District by developing 
models based on eight years of historic billing data, household attributes, water-using 
behaviour patterns, socio-economic characteristics, and installation of conservation devices 
for participating and non-participating households. Separate models were developed for 
detached single-family housing, condominiums, and townhouses and efforts were made to 
control the "confounding forces" that affect water use so that the specific conservation effects 
of water saving devices and programs could be measured (Mayer et al. 1999). 
According to Mayer et al. (1999), Dziegielewski (1993a) reported that these previous 
statistical efforts have provided a number of useful models of urban water demands and 
conservation effectiveness. However, these statistical models have failed to fully 
accommodate the needs of conservation program planning because of their inability to 
accurately disaggregate water demands down to the end use level. These models have all 
relied upon monthly billing data which can be a rich and valuable data resource, but also 
present inherent problems such as: unequal billing periods, estimated meter readings, 
unusual usage levels, changes in customer occupancy. A model developed with billing data 
such as by Howe and Linaweaver (1967), Howe (1982), Chestnutt et al. (1992a), and 
IWRMAIN (Dziegielewski et al. 1993b) can provide accurate information about water use and 
conservation effectiveness in the aggregate, but can be inaccurate in their attempts to 
quantify the amount of water dedicated to each individual end use (Stadjuhar 1997). 
Although aggregate water use models may be useful for forecasting short-term and long-
term water demands, their “usefulness in water demand management is severely limited 
because of the insufficient disaggregation of water demand. Without adequate end use 
models, the effects of various demand management programs cannot be measured with a 
desired precision” (Dziegielewski et al. 1993a). 
Mayer et al. (1999) also reported that Dziegielewski et al. (1993b) noted the lack of precise 
measurements of the quantities of water used for shower, toilet flushing, and other purposes 
are obstacles to the development of reliable estimates of water conservation savings. It was 
further determined that improvements in quantifying the significant end uses of water can be 
achieved in two ways: (1) the actual end uses can be directly measured; and (2) a 
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conditional demand analysis similar to those used by electric utilities can be developed to 
estimate end uses. 
Several studies including Bowen et al. (1993) and Buchberger and Wells (1996) used 
electronic data collection techniques on a small sample of single-family homes to determine 
instantaneous flows, peak flows, hourly consumption, and seasonal patterns. However, the 
data collection techniques used in these studies did not provide enough resolution to 
disaggregate the flows into individual process end uses (Mayer et al. 1999). 
The 1994 – 1996 Heatherwood Studies sponsored by the City of Boulder, Colorado and 
conducted by Aquacraft, Inc. implemented the concept of measuring residential water use 
first suggested in Dziegielewski et al. (1993b) by collecting virtually instantaneous flow data 
directly from a customer’s water meter (DeOreo and Mayer 1994; Mayer 1995; and DeOreo 
et al. 1996a). In these studies battery powered data loggers were used to collect flow trace 
data at 10-second intervals from standard magnetic drive water meters in residential houses 
in Boulder. These flow traces were precise enough to permit disaggregation into individual 
water use events such as a toilet flush, a clothes washer cycle, or miscellaneous tap use. 
These disaggregated flow traces revealed subtle variations in water use patterns that would 
have been masked in analyses relying on periodic billing data. The Heatherwood Study 
estimated water use for each fixture in 16 houses over the course of a summer at a cost less 
than US$30,000 (Mayer et al. 1999). 
In 1996, Aquacraft, Inc. used the flow trace analysis technique to measure the impacts of a 
conservation retrofit program in Boulder, Colorado which involved the installation of ULF 
toilets, LF showerheads and taps, and horizontal axis clothes washing machines (DeOreo et 
al. 1996b). For this study Aquacraft developed the first version of the Trace Wizard software 
to automatically disaggregate the recorded flow traces into specific end water uses such as 
toilets and showers which greatly increased the speed and accuracy of the analysis process. 
These studies showed that it was feasible to inexpensively collect and analyse end use data 
from single-family residences, providing unprecedented detail about water consumption 
habits. 
The American Water Works Association (AWWA) Research Foundation sponsored the 
Residential End Use Water Study (REWS) conducted in 14 North American cities. The study 
was able to identify and measure the different ways household use water as well as describe 
and analyse variations in water used for specific purposes between different households. 
The predictive models developed significantly increased the confidence in explaining the 
observed variations in water use. For the first time, differences in water use at the end use 
level have been attributed to causal factors related to price and socio-economic 
characteristics (Mayer et al. 1999). The models could be used to prepare conservative 
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estimates of water use for the indoor end uses and total indoor use. However, the models 
were unable to reproduce actual total use due to the structure of the data used and the 
outdoor component of use. To represent the systematic seasonal and weather influences on 
water demand, the end use models were extended using monthly billing data. The extension 
enhanced the ability of the models to reproduce monthly estimates of total, indoor and 
outdoor use, but not of individual indoor end uses. 
The REWS methodology is now being adopted by Water Corporation in Western Australia, 
and by YVW in Melbourne. The study involved households in 12 American study sites which 
is the main drawback of the study. Differences in water consumption patterns between the 
USA and Australia exist. The existence of dual flush toilets and the front loading washing 
machines in Australia will make some difference in these major end uses of water. The 
summary of the research findings of the REWS (Mayer et al. 1999) for the American study 
sites are presented as follows to enable comparison of major end uses of water between the 
USA and Australia: 
• The average annual water use was 553kL per household per year of which, 42% of 
annual water use was for indoor purposes and 58% was for outdoor purposes. The 
indoor and outdoor was strongly influenced by annual weather patterns with sites in hot 
climate having higher percentage of outdoor use (59-67%) while sites in cooler, wetter 
climates had much lower percentages of outdoor use (22-38%). 
• The average daily water use per capita was 262L including leakage. Toilet use was 
calculated as 70Lpcd, clothes washer use was 57Lpcd, shower use was 44Lpcd, tap use 
was 37.85Lpcd, leaks were 36Lpcd, bath use was 4.5Lpcd, dishwasher use was 
3.8Lpcd, and other domestic use was 6.1Lpcd.  
• The average daily leakage was 82.89L, however, only a small number of homes were 
responsible for the majority of leakage. Nearly 67% of the study homes leaked an 
average of 37.85L per day (Lpd) or less but 5.5% of the homes leaked an average of 
more than 378.5Lpd. In other words, 10% of the homes logged were responsible for 58% 
of the leaks found. Leaks accounted for 24.5% of average daily use in the 100 logged 
homes with the highest daily indoor water use. These top 100 homes averaged 342Lpd 
of leaks compared with 82.89L for the entire 1,188 logged homes.  
• The average load of laundry per day was 0.96 with a mean daily clothes washer usage 
per capita of 56.78Lpcd. The average volume per load of clothes was 154.8L with 75% of 
the observed loads between 94.6 and 189.2L. The range in volumes indicates the variety 
of clothes washers in service which includes extra large top loading machines and low 
volume horizontal axis washers and also the tremendous number of wash settings 
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available on modern clothes washers. Users are often able to individually adjust the size 
of the load, the number of cycles, the water temperature. 
• Study participants flushed the toilet an average of 5.05 times per person per day, took 
an average of 0.75 showers and baths combined per person per day, run clothes 
washers at an average of 0.37 times per person per day and dishwashers at an 
average of 0.1 times per person per day, and tap at an average of 8.1 minutes per 
capita per day. 
• A net potential savings of 39.7Lpcd was estimated by comparing “ultra-low-flow (ULF) 
only” homes (homes with an average volume per flush of less than 7.57L from the 
“non-ULF” homes (76.08Lpcd against 35.96Lpcd). 
• The Low Flow (LF) shower homes used an average of 78.35Lphd and 33.3Lpcd for 
showering purposes, while the non-LF shower homes used an average of 
131.72Lphd and 50.34Lpcd. However, the duration of the average shower in the LF 
homes was 8min and 30sec which was 1min and 48sec longer than the average 
shower duration in the non-LF homes which was 6min and 48sec. 
• The time pattern of overall residential water use followed a classic diurnal pattern with 
the four distinct typical characteristics: Lowest usage during the night (11pm - 5am); 
highest usage in the morning (5am - 11am); moderate usage during the midday 
(11am - 6pm); and high evening usage (6pm - 11pm). 
Indoor and outdoor use followed diurnal patterns similar to the overall pattern, but 
with outdoor use ramping up steeply at 5am, several hours earlier than the morning 
increase for indoor use which increased at 7am. Outdoor use decreased significantly 
from 10am until 5pm while indoor use reached a peak at 9am and decreased slowly 
until 4pm. Outdoor use achieved a secondary peak in the early evening from 6pm to 
9pm while indoor use increased slightly from 6pm to 10pm before decreasing for the 
night. Indoor use was extremely low from 1am to 5am. 
When divided into component end uses, toilets follow a diurnal pattern with a morning 
peak between 7am and 10am, moderately high use from 10am to 5pm, an evening 
peak from 5pm to 11pm and lowest usage from 11pm to 5am. Clothes washer usage 
peaks a little later than toilet usage, from 9am to 1pm, remains high from 1pm to 9pm 
and then declines steeply overnight when it is virtually non-existent until 8am when it 
rises towards the morning peak. Shower usage has a very high peak in the morning 
from 6am to 11am and then decreases significantly during the day until 6pm when 
there is a smaller peak which continues until 11pm. Tap usage is the only large 
indoor use which peaks in the evening from 5pm to 10pm but is fairly consistent after 
a morning peak from 7am to 11am. 
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• The end use models developed in the REWS (Mayer et al. 1999) confirmed some 
previous beliefs and offered additional insights about the time-series and cross-sectional 
phenomena that affect water use. These models also point out important relationships 
between specific end uses and socio-economic factors obtained through the mail survey.  
o Toilet Use 
Household size was found to be an important indicator of water use for toilet 
flushing suggesting an increase of around 0.7% in water use for toilet flushing for 
every 1% increase in household size. The model estimates also suggests that the 
addition of non-adults increases use for toilet flushing at a lower rate than the 
addition of an adult. The amount of water used for toilet flushing is negatively 
related to the number of persons employed full-time outside of the home. For 
those employed outside the home, some flushing at home is replaced by flushing 
at work. 
Results have indicated that water use for toilet flushing increases with the size of 
the house. On average, as a group, renters were shown to use about 10% more 
water for toilet flushing; the reason for this was not explained in detail in the 
report. One may assume that these houses for rent were not retrofitted with ultra-
low-flow toilets (ULFT). Those who irrigate and those who have swimming pools 
were shown to use more water for toilet flushing. The connection between toilet 
flushing and the use of swimming pools or garden watering was not reported and 
one could only assume that people with swimming pools or watering their gardens 
spend more time at home than their counterparts without swimming pools or 
gardens to irrigate.  
The toilet use model showed a statistically significant, yet inelastic price effect 
with a 1% increase in marginal price led to a 0.15% decrease in water use (the 
marginal price of water being the price of additional unit of water). The model 
estimates have indicated that the amount of water used for toilet flushing depends 
on the time of the year (eg. households logged from September to November 
systematically used about 12% more water than those who were logged in the 
winter). 
Results suggest that homes built in the 1950’s and 1960’s were more likely to 
have been retrofitted with new and more efficient toilets and that homes built in 
the 1990’s were installed with efficient toilets.  
The model verified that households which recorded ultra-low-flow events used 
40% less water for flushing than other sample households. This implies an 
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average water savings of 72.67Lphd or 26.5Lpcd for the completely retrofitted 
group. Water use for toilet flushing is shown to decrease with the survey-reported 
fraction of toilets that are of the ultra-low-flow variety. Fully retrofitted households 
on average use about 10% less water for toilet flushing than households that 
have all non-conserving devices, everything else held constant. Adding this 
measurement to the savings implied by the ULF-only coefficient suggests total 
average savings from complete toilet retrofit of about 34.1Lpcd. 
o Shower and Bath Use 
The number of persons per household was a significant factor in determining the 
amount of water used for showers and baths. Water use for showers and baths 
increased with household size and children and teens used incrementally more 
water than adults. In addition, shower and bath use increased with the number of 
persons employed outside the home, suggesting a higher frequency of use for 
those who must prepare for work. Shower and bath use was positively related to 
household income, though the response to changes in income was estimated to 
be small. 
On average, those who rent and irrigators used more water for showers and 
baths. Again, the reason for renters using more water was not reported and it 
could be assumed that these houses for rent are not retrofitted with low-flow 
showerheads or it could even be that most of those who rent are working. The 
estimated price elasticity of shower and bath use was greater than the price 
elasticity for toilets. The price elasticity measures the responsiveness of quantity 
demanded to changes in the price charged, for example, a 1% increase in price 
will bring about 0.35% decrease in water use 
Households that reported having all LF showerheads use about 9% less water for 
showers than households that are not completely retrofitted. 
o Tap and Water Treatment Use 
Tap use is strongly and positively related to household size. The model suggests 
that small children add less to total tap use than do teens and adults. Similar to 
the toilet model, tap use is negatively related to the number of persons working 
outside the home. Tap use is positively related to household square footage, 
which may act as a surrogate for the number of taps in the home. Marginal price 
is positively related to tap use, though its corresponding coefficient is not 
significant from a statistical perspective. Tap use is lower for those who have an 
automatic dishwasher. Tap use displays a negative relationship with the reported 
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fraction of showerheads that are of the low-flow variety. This may imply a 
tendency for households to install tap aerators when they retrofit their 
showerheads. 
o Dishwasher Use 
Household size is a prominent variable for explaining dishwasher use but no 
distinct effects were detected for the number of teens or children. However, 
dishwasher use is negatively related to the number of persons employed full-time 
outside the home. Dishwasher use is shown to be responsive to marginal price, 
with an estimated price elasticity of -0.27. Dishwasher use is also slightly 
responsive to household income, with an estimated income elasticity of 0.11. 
Households that reported conserving behaviour related to indoor use (such as 
washing fuller dishwasher loads) used about 7% less water for dishwashing. 
o Clothes Washer Use 
Household size has a strong and positive influence on the amount of water used 
for clothes washing. Clothes washer use increases incrementally with the number 
of teens living in the household and the number of persons working full-time 
outside the home. The coefficient of the marginal price variable retains a positive 
sign, but is not statistically significant. Clothes washer use is positively related to 
income. However the coefficient on income also shows relatively low statistical 
significance. 
 
o Outdoor Use 
Homes with swimming pools are estimated to use more than twice water outdoors 
than homes without swimming pools. 
Outdoor use displays a relatively strong and positive relationship with home 
square footage. Inasmuch as this variable acts as a surrogate for standard of 
living, it is consistent with the notion of a higher ability to pay for this more 
discretionary use. As expected, the amount of water used for outdoor purposes 
(primarily irrigation) is positively related to the size of the lot (another potential 
proxy for standard of living) and the percentage of the lot that is irrigable 
landscape. 
The following are other specific interpretations of the results of the outdoor end 
use model: 
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• Homes with in-ground sprinkler systems use 35% more water outdoors than 
those who do not have an in-ground system. 
• Households that employ an automatic timer to control their irrigation systems 
used 47% more water outdoors than those that do not 
• Households with drip irrigation systems use 16% more water outdoors than 
those without drip irrigation systems 
• Households who water with a hand-held hose use 33% less water outdoors 
than other households 
• Households who maintain a garden use 30% more water outdoors than those 
without a garden 
• Households with access to another, non-utility, water source displayed 25% 
lower outdoor use than those who used only utility-supplied water 
Outdoor use is found to be relatively sensitive to the marginal price of water. The 
estimated price elasticity of -0.82 for outdoor use is larger in magnitude than the 
price elasticity’s that have been estimated for other end uses. This finding is 
consistent with the belief that outdoor use is more discretionary and therefore 
more price elastic than indoor water uses. 
 
 
o Leaks 
Leaks increased with temperatures and decreases with precipitation with higher 
leakage registered for household logged during the winter months. 
Leaks showed a statistically significant relationship with both the marginal price 
for water and the marginal price for sewer. Results imply that a 1% increase in the 
marginal price of water will lead to a 0.49% decrease in the amount of leakage, 
while a 1% increase in the marginal price of sewer will lead to a 0.12% decrease 
in the amount of leakage. These findings seem to verify that higher prices lead to 
some degree of voluntary leak detection and correction. With regard to correcting 
leaks, renters as a group had a lower amount of leakage than non-renters. This 
may confirm the expectation that landlords seek to minimise costs. 
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Leakage was positively related to the number of persons in a household, but 
negatively related to the number of people working full-time outside the home. 
Leaks were shown to increase with the number of toilets in the home. 
Leakage was found to be higher in homes that were built in the 1970’s and in 
households that use a sprinkler system that is attached to the garden hose. 
Leakage is found to be generally lower for households that use drip irrigation 
systems or use a hand-held hose for watering and for those who have reported 
taking behavioural and technological actions to save water outdoors. 
In Australia, although there are a number of studies and models developed relating to 
residential water usage, only Water Corporation of Perth and YVW in Victoria have logged 
households and collected residential end use data.  
Based on surveys conducted, The Australian Bureau of Statistics publications for New South 
Wales and Western Australia contain information on household use of indoor and outdoor 
water using appliances. This includes information on sources of water; type, age and 
frequency of use of washing machines; age and frequency of use of dishwashers; number of 
showers, baths and toilets; frequency of washing vehicles; the use of garden mulch and 
types of watering systems; and presence of swimming pools (Australian Bureau of Statistics 
2002, 2003). These publications however did not include the amount of water usage. 
Following the methodology adopted in the REWS conducted in the US (Mayer et al. 1999), 
the Western Australia Water Corporation committed to a new Domestic Water Use Study 
(DWUS) that would provide a more current understanding of domestic water use patterns 
and trends (Coghlan and Higgs 2000 and Loh and Coghlan 2003). The objectives of the 
DWUS study were to collect data on household water usage; identify water use patterns and 
trends; and develop a demand forecasting model and a water use efficiency program at a 
later stage. The study adopted a phased approach with the phase 1 included data collected 
from 720 single residential households across the Perth metropolitan area and phase 2 
included data collected from 297 multi-residential households across the Perth metropolitan 
area. During the phase 1 of the study, data loggers were installed at a pilot group of 120 
households to continuously monitor their water use from November 1998 to June 2000. The 
total monthly water usage for the remaining 600 households was recorded from November 
1998 to February 2000. All 720 households completed three questionnaire surveys covering 
demographics, appliance ownership and attitudes to water use. During the phase 2 of the 
study, 124 multi-residential households were logged to continuously monitor their water use 
from September 2000 to November 2001. The remaining 173 households provided only 
questionnaire data. The data for both the phases 1 and 2 studies were downloaded from 
data loggers every six weeks and processed using computer software, Trace Wizard to a 
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format suitable for analysis of usage patterns. Results from Phase I of the study showed that 
a strong relationship exists between total water use and the socio-economic level of the area 
in which the household is located (Loh et al. 2002). It was also revealed that there is a strong 
correlation between household size and in-house usage while high-income areas are 
associated with higher ex-house usage than those at lower income areas. Findings of the 
Phase I study are currently being used by the Corporation to formulate a preliminary water 
savings strategy. Specifically, the main findings of the DWUS (Loh et al. 2002) include: 
For single residential households: 
• The rate of water usage during the winter period was essentially the same for all single 
residential households but in summer higher income households use more water. 
• The average total usage per household was 1259Lphd with 56% (707Lphd) for ex-house, 
42% (523Lphd) for in-house and 2% (29Lphd) leakage. The ex-house usage includes 
687Lphd for watering and 20Lphd for the swimming pool while the in-house usage 
consist of 33% (171Lphd) for baths and showers, 27% (139Lphd) for washing machines, 
21% (112Lphd) for toilets, 16% (83Lphd) for taps and 3% (18Lphd) for other usage. The 
indoor usage per capita has remained about the same since 1981 at 155Lpcd. Higher 
income households use more water with almost all of this used ex-house. 
• Ownership of reticulation systems off the mains has increased considerably from 5% in 
1981 to over 41% in 1998. About 25% of households own a fully automatic system. 
• A major influence on ex-house water usage is ownership of an automatic reticulation 
system or a bore. Private bore ownership/access has an increase of 5% (27% in 1981 to 
32% in 1998). 
• No strong relationship was established between irrigable area (i.e. lawn, garden and 
verge) and total ex-house water usage. Such a relationship could be reasonably 
expected so it is likely that many householders are watering inefficiently. 
• Households with an automatic reticulation system used an average of 1058Lphd while 
those without used an average of 537Lphd. 
• Toilet usage has decreased from 32% to 21% of in-house usage due to increased 
ownership of dual flush toilets (from 1% in 1981/82 to 65% in 1998/00). 
• Washing machine usage has increased from 18% to 27% due to the increase in the 
ownership of automatic washing machines (from 64% to 93%) and in their capacity since 
1981/82. 
• There have been small increases in the ownership levels of other in-house appliances 
including dishwashers, evaporative air conditioners and spas. The increase in usage 
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associated with these fixtures along with that attributable to washing machines equals the 
savings that have been achieved through the regulation of dual flush toilet cisterns. 
For multi-residential households such as duplexes, triplexes, townhouses/units in groups of 
more than four and some multi-storey residential households: 
• Multi-residential households use less water compared to single residential households. 
• The average total usage per household was 768Lphd with 51% (389Lphd) consumed for 
ex-house; 47% (365Lphd) for in-house, and 2% (14Lphd) for leaks. The estimated 
average ex-house water usage was for watering only while the average component for in-
house use per household has the majority of 33% (121Lphd) for baths and showers; 26% 
(94Lphd) for washing machines; 21% (77Lphd) for tap use; 17% (62Lphd) for toilet; and 
3% (11Lphd) for other uses. The indoor usage per capita is 166Lpcd which was not 
significantly different from that of single residential households. 
• There is no seasonal variation for multi-storey residential households indicating that 
water usage is mainly in-house and ex-house usage was negligible. 
• Households with automatic reticulation systems used an average of 515Lphd whereas 
those without used an average of 279Lphd. 
In Melbourne, in October 2000, the Minister for Environment and Conservation, the Hon. 
Sherryl Garbutt, established a Committee to oversee the development of a Water Resources 
Strategy for the Melbourne area (Water Resources Strategy Committee for the Melbourne 
Area 2002). The Water Resources Strategy sets out a water resources blueprint for the next 
50 years to ensure that a safe and reliable supply of water is delivered to Melbourne in an 
environmentally sustainable manner and at a cost acceptable to the community. Three 
reports were produced as part of the Strategy namely; the Final Report-Summary; the 
Strategy Directions report; and the Discussion Starter. The Committee also instigated a 
number of additional studies to help fill the gaps in current knowledge that could assist the 
formulation of the final Strategy. A review of water use data from other States was used to 
verify and ultimately modify some of the water savings assumed in the Discussion Starter. It 
became clear that the data available from existing studies was inconclusive in many 
instances and susceptible to the subjectivity of the methodology. The Committee then 
recommended that the retail water companies carry out further studies in Melbourne to 
identify and quantify use and water consumption influences in both the domestic and 
industrial/commercial sectors. Further residential end use data collection and potential 
techniques of data collection was recommended (Institute for Sustainable Futures & CSIRO 
Urban Water 2002).  
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The current average annual total consumption in Melbourne is around 480,000ML with 
residential use accounting for 60% or 288,000ML and industrial and commercial use is 28% 
or 134,000ML (Water Resources Strategy Committee for the Melbourne Area 2002). The 
Committee identified many measures and combinations of measures that could be used to 
reduce the projected demand for water in 2050. The population for the Melbourne area within 
the boundaries of the current retail water company licenced areas is projected to be 
4.6million people in 2050 which equates to a long-term average annual rate of growth of 
0.6% and the number of households to be 2.01 million (Water Resources Strategy 
Committee for the Melbourne Area 2002).  
The Recommended Strategy relies on the involvement of all water users in Melbourne 
(domestic, industry, commerce and institutions) in a range of implementation measures to 
influence water consumption. The major contribution from domestic consumers has been 
identified to be delivered through the regulation of AAA shower roses and AAAA washing 
machines. This requirement would be introduced in 2005 for showers and 2010 for washing 
machines to give manufacturers and retailers sufficient preparation time and for the 
development of appropriate legislation and regulations. Improved water efficiency in 
gardening practices, voluntary restraint on sprinkler use on total fire ban days and on hosing 
paths would also be encouraged through education to complement existing educational 
programs run by water authorities focused on other water efficient behaviour such as taking 
shorter showers. Specifically, the savings estimated from the Recommended Strategy (Water 
Resources Strategy Committee for the Melbourne Area 2002) are as follows: 
• Shower is identified as the highest user of water in the bathroom and only 30% of 
showers in Melbourne’s households have low volume (water efficient) shower roses. Two 
thirds of these are rated as AAA (7.5 to 9L/min) and a third are rated as AA (9 to 
12L/min). The remaining 70% are rated A (12 to 15L/min). A possible water saving of 
around 13kL per household a year are calculated by converting standard showers to 
water efficient showers based on a saving of 2.3L/min for a 7-minute shower.  
• For washing machines, it is estimated that only 9% of washing machines in Melbourne 
are even AAA rating standard (uses 12 to 18L/kg of dry clothes). However, there are 
already some front loading washing machines capable of meeting the AAAA standard on 
the market (uses 8 to 12L/kg of dry clothes).  Other ratings of washing machines include 
AA (uses 18 to 26L/kg of dry clothes) and A (uses 26 to 34 L/kg of dry clothes). The 
Australian market is dominated by top loader washing machines which are estimated to 
make up 80-85% of the market. Front loaders, and to much less extent twin tubs, make 
up the remaining 15%. All front loaders are imported. AAAA washing machines are very 
water efficient and therefore use less hot water and detergent. Because of the low 
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penetration of use of AAAA machines the calculated potential water savings are large. 
Based on 6 washes per week and a saving of 12L per wash, a household could save 
16kL per year. Regulation to increase penetration to 90% by 2050 is estimated to save 
27,000ML per year. 
• Of the total water consumption for a typical household, 35% is used outside the house, 
primarily on the garden which is a significant leisure activity for the people of Melbourne. 
It is estimated that education programs, particularly through nurseries and garden 
centres, promoting the benefits of sensible garden practices such as drip watering, tap 
timers, mulching and water saving plants would save some 4,000ML a year by 2050. The 
community’s participation in not using sprinklers on Total Fire Ban days would reinforce 
this message and achieve water savings of 500ML per year by 2050.  
In 2001, YVW surveyed 25 of its staff who are single residential household owners with 
gardens across Greater Melbourne to determine their demographic profile, water usage, and 
the type of their indoor and outdoor water using appliances, as part of its High Water Using 
Appliances Study (Gato et al. 2004). Data loggers were also installed in these households to 
monitor and record their water usage at one-minute interval over three weeks (February 9 to 
28, 2001) Each of these households was also asked to keep a diary to record when they 
used their toilets, showers, washing machines, and gardens including water level for water 
washing machines during the first week of logging. For the second and third week of 
monitoring period, only garden usage, duration and method were asked to be recorded in the 
diary.  
Prior to the commencement of this study in 2002, analysis of end use data for Greater 
Melbourne has not been analysed or published. In response to the Committee’s 
recommendation that the retail water companies carry out further studies in Melbourne to 
identify and quantify use and water consumption influences in both the domestic and 
industrial/commercial sectors, YVW surveyed and logged 93 households for two weeks over 
two periods in 2004 (February and August). The data has been disaggregated into major end 
uses of water using the computer software, Trace Wizard.  
2.2. Residential Water Demand Models 
According to Miaou (1986), Howe and Linaweaver (1967) carried out an early and well-
known residential water use study by analysing daily indoor use, average daily use (indoor 
use plus sprinkling use), maximum daily use, and peak hourly use using daily data 
throughout the United States. One significant result of their study was that the difference 
between the winter and summer months indoor use is insignificant. Based on this result, later 
researchers were able to assume that winter months consist only of indoor use, which is 
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relatively unaffected by weather conditions, while summer use includes outdoor use, which is 
sensitive to weather variations.  
Salas-LaCruz and Yevjevich (1972) formulated a general time series model for water use on 
any time interval. Their model contains a polynomial trend in mean and standard deviation, a 
periodic mean and standard deviation, and an autoregressive (AR) short-memory 
component. The model residuals were fitted by the normal, log-normal, or gamma 
distributions. They also calculated the cross-correlation and coherence functions between 
monthly water use and rainfall and between monthly water use and temperature. Significant 
correlations were found, but no further cause-effect analysis reported. 
Oh and Yamauchi (1974) have assumed a multiplicative model for the monthly water use 
from Honolulu, Hawaii of the following form: 
W = TSCI         Equation 2-1 
where W is the observed monthly water use; T is the trend component; S is the seasonal 
component; C is the cyclical component, and I is the irregular component. TC was obtained 
by a 12 month centred moving average and SI was calculated from division of W by TC. S 
was then obtained as the average of SI for each month. Monthly patterns with significant 
growth trends in indoor (or base) use and outdoor (or seasonal) use were found in their data. 
DeMoyer and Horwitz (1975) modelled hourly data from Philadelphia, Pennsylvania, USA to 
serve as part of an automatic pumping schedule control model. Their model used Fourier 
series of the following form: 
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where W (t) = water use at hour t; NH = number of harmonics; T = daily maximum 
temperature; ps = exponent; and a0, a1, …., aNH; b1, …., bNH are parameters to be estimated. 
The least squares method was used to estimate a’s and b’s for all data and four values of ps 
were determined for weekdays and weekends with clear or rainy days respectively by a one-
dimensional search. 
Morgan and Smolen (1976) studied several regression models using monthly data from cities 
in Southern California, USA. Different climatic variables were employed for comparison 
purposes and the model with simple variables of temperature and precipitation marginally 
outperformed models with more elaborate climatic variables, like Thornthwaite potential 
evaporation minus precipitation.  
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Anderson et al. (1980) evaluated the effectiveness of lawn watering restrictions in the City of 
Fort Collins, Colorado, USA during a drought lasting from 15 July to 23 August 1977. Their 
multiple regression model includes a dummy variable term for lawn watering restrictions. 
They found that a one day lag effect of rainfall on daily water use significantly improved the 
model compared with the model without this lag effect. 
Vizwanathan (1981) evaluated the water conservation effect for daily data in Newcastle, 
Australia using the following model; 
W(t) = {[a1 + a2cos(2πC/365)] T(t-1) + [(a3 + a4cos(2πC/365)] T(t) + [a5 + a6cos(2πC/365)] 
R(t) + [a7 + a8cos(2πC/365)]} * A     Equation 2-3 
where t = time index in days; T = daily maximum temperature; R = daily rainfall; C = calendar 
day of the year; A = annual growth coefficient  = (1 + 0.02t/365); and ai, i = 1, …, 8 are 
coefficients. 
The model parameters were estimated using the recursive least squares algorithm on the 
data from 1977 to 1979 when there were no water restrictions. The conservation effect was 
evaluated by reconstructing the daily water use of the conservation period in 1980 and 1981 
using the corresponding observed temperature and rainfall and the parameters developed 
from the data for 1979. The magnitude of the conservation effect was then calculated by 
subtracting the observed use from the reconstructed use during the conservation period. The 
model has a sinusoidal base use, a7 + a8cos(2πD/365) and the effect of temperature and 
rainfall on daily water use are linear and time-varying throughout the year. 
Vizwanathan (1981) developed a second model for daily water use forecasting: 
Wt = a0 + a1Wt-1 + a2Tt + a3Rt + et      Equation 2-4 
whose coefficient values were also found by the recursive least square taken one year at a 
time. 
Perry (1981) adopted two methods used in power consumption studies, Karhunen-Loeve 
expansion and the Kalman filter technique suggested by Galiana (1974), for analysing hourly 
water use data in Warwickshire, United Kingdom to develop an on-line pump scheduling 
routine. Hourly water use is first decomposed by a Fourier series which is estimated off-line 
based upon the most recent data, and then the Kalman filter is employed to update the 
coefficients of the residual component which is modelled by an ARMAX type of time series 
analysis with deviations of air temperature from normal as input variables. By comparing with 
the Karhunen-Loeve expansion method, which is extrapolation technique utilising 
autocovariance of the predicting series without any extra inputs, Perry (1981) concluded that 
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there is little difference between Kalman filter and Karhunen-Loeve method in accuracy of 
forecasting up to 24 hours. 
Steiner (1984) analysed daily water use in three water utilities serving Washington, DC, USA 
for the purpose of forecasting water use five days ahead so that water supply releases 
required from an upstream reservoir into the Potomac River could be determined. He studied 
the relationship between water use and daily maximum air temperature, pan evaporation and 
rainfall by using the number of antecedent days with rain less than or equal to 0.1in/day 
(25.4mm/day) as the rainfall explanatory variable. He concluded that: air temperature is a 
better indicator of daily water use than pan evaporation; that daily maximum temperature 
needs to rise above 60°F (30°C) to affect water use; and that a plot of daily water use and 
rainfall depth shows great scatter.  
Steiner also analysed day of the week effects and concluded that weekday use is higher than 
weekend use in two of the utilities; the Washington Aqueduct District supplying the city itself, 
and the Washington Suburban Sanitary Commission supplying the suburbs in Maryland. Day 
of the week effects is not so pronounced in the Fairfax County Water Authority supplying the 
Virginia suburbs. 
He estimated the parameters of the two models by using the following multiple regression 
equation in the first model: 
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where t is the time index in days; W is daily water use, T is daily maximum air temperature, Y 
is number of consecutive preceding days with rainfall less than 0.1in (25.4mm), e is model 
error and 
___
,, YTW  are mean values of the respective variables in each calendar month, the 
coefficients being estimated separately for each month from May to October. 
Steiner’s second model omitted the one day lag water use term )(
_
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by an ARMA (1,1) model error fitted to the residuals of regression of W on T and Y. He 
concluded that there is no significant difference in the performance of these two models. 
Maidment and Parzan (1984a, 1984b) analysed the monthly data of six small cities in Texas, 
USA from 1961 to 1978. The main differences between their scheme and Salas-LaCruz and 
Yevjevich model (1972) are; that long-term trend variation is explained by multiple regression 
on socio-economic variables; and the residuals are regressed on the climatic variables of 
precipitation, evaporation, and maximum air temperature (which were all processed through 
the use of an autoregressive (AR) model in the same manner as water use). 
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Miaou (1983), Maidment et al. (1985a, 1985b) have undertaken an extensive study on the 
dynamic effect of air temperature and rainfall on daily water use and incorporated these 
effects in their Box-Jenkins type transfer function model. This model which was originally 
developed by Miaou (1983) has been programmed into a microcomputer code called 
WATFORE, which is currently used by several water utilities for daily water use forecasting. 
In the WATFORE model, daily water use, W(t), was postulated to consist of three major 
components; base use, Wb(t), seasonal use, S(t), and significant weekly cycle, D(t). 
W(t) = Wb(t) + S(t)        Equation 2-6 
where T = daily time index; W = daily water use; total daily consumption or pumpage of a 
city; Wb = base use, mainly indoor use which is weather-sensitive; and S = seasonal use 
which is weather-sensitive and mainly outdoor use.  
If there is a significant day-of-the-week variation, a weekly cycle term, characterised by 
average weekly cycle in the winter months, can be added to Equation 3-6. Both base use 
and seasonal use are influenced by a trend variation, which was removed by the regression 
method. Seasonal use contains potential use, Wp(t), minor weekly cycle, Dm(t), and short 
memory use, Ws(t), as: 
S(t) = g(t) [Wp(t) + Dm(t) + Ws(t)]      Equation 2-7 
where: g = growth coefficient for monthly peak seasonal use, Sp(t); t0 is a reference date; Wp 
= potential use; a hypothetical seasonal use when normal air temperature, TN occurs with the 
absence of recent rainfall; Dm = minor weekly cycle; and Ws = short memory water use with 
trend and seasonal cycle removed. The parameter g is defined as: 
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Seasonal use was detrended as: 
Sd(t) = [S(t)/g(t)]        Equation 2-9 
where Sd is a detrended seasonal water use. Short memory water use is then modelled as: 
)(
)(
)()(
)(
)(
)1(
)(
)(
11
ta
B
BtT
B
B
tS
B
BWW j
J
j
T
j
T
j
Ri
I
i
R
i
R
i
ss φ
θ
δ
ω
δ
ω ++−+= ∑∑
==
  Equation 2-10 
where: =sW mean for Ws; RI = given ranges of rainfall amount; SRi = preceding day’s 
seasonal water use level defined as: 
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 SRi(t+1) = Sd(t-1), if R(t) belongs to RI; 
   = 0 otherwise; 
B  = backshift operator such that BIXt = Xt-1; 
ω(B)  = (ω0 - ω1B - ω2B2 …..); input lag factor for rainfall and air temperature effects; 
δ(B)  = (1 - δ1B - δ2B2 ….); output lag factor for rainfall and air temperature effects; 
T  = observed daily maximum or average air temperature; 
Tj(t)  = nonlinearly transformed T for the jth season, j=1, …J; 
a  = white noise series with zero mean and constant variance δa2; 
θ(B)  = (1 - θ1B - θ2B2 …); moving average operator; and 
Φ(B)  = (1 - Φ1B - Φ2B2 …); autoregressive operator. 
Maidment and Miaou (1986) applied the model to daily water use data from nine (9) cities in 
the USA, three each from Florida, Pennsylvania, and Texas. The overall coefficient of 
determination, R2 for the nine cities averaged 96% in Texas, 73% in Florida, and 61% in 
Pennsylvania. They concluded that, as a proportion of the mean annual use, the average 
seasonal use for the three cities in each state were 23% in Texas, 15% in Florida, and 5% in 
Pennsylvania. The response of water use to rainfall depends first on the occurrence of 
rainfall and second on its magnitude. In Austin, Texas, a spatially averaged rainfall series 
showed a clearer relationship with water use than rainfall series from a single gauge. There 
was a non-linear response of water use to air temperature changes. They also concluded 
that for small cities, such as College Station, Texas, there was a relatively higher inherent 
randomness in the daily water use data than in larger cities, so smaller cities would be harder 
to model than larger cities. In some respects there is a remarkable consistency in the 
parameter estimates among different cities of various sizes in different regions (Maidment et 
al. 1985b and Maidment and Miaou 1986).This also indicates the generality and flexibility of 
the proposed model. The important features of this model are: 
1. It contains a “heat function” which describes a functional relationship between 
temperature and seasonal water use, and a potential use, Wp(t) which is determined from 
this function and normal air temperature. 
2. It contains a dynamic effect of rainfall and air temperature on daily water use. 
3. The effect of rainfall on water use is dependent on the previous day’s seasonal water use 
level (state-dependent) and the rainfall amount. 
4. Each parameter in the model has an explicit physical interpretation. 
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In Australia, Dandy (1986) conducted a study to assess the effects of changes in water 
allowance and water price on residential water consumption in Adelaide, South Australia. He 
examined the annual consumption records of individual households over a 7-year period in 
conjunction with socio-economic and meteorological data. The results indicated that 
consumers do not have an accurate perception of long term trends in their water 
consumption. A number of households appeared to have reduced their water consumption 
when they found out that they were exceeding their annual allowance. Some simple 
regression models based on cross-sectional data have been developed and these models 
have indicated that water allowance and the number of residents are the best predictors of 
water consumption for an individual household. Two domestic water use models based on 
linear regression were developed using 1984-85 consumption data for houses only and 
focusing on the socio-economic factors affecting residential demand. In both models the 
explained variable is the annual consumption for individual households with coefficients 
significant at the 5% level. The first model used annual water allowance, number of residents 
and area watered and showed that the number of residents is a significant explanatory 
variable. The coefficients obtained also suggested that on average each additional person in 
the household increase annual water consumption by 40kL. The “area watered” variable 
represents the product of the area of the block of land and the “percentage of the block 
watered”; the latter being estimated by the householder in the interview. This variable was 
considered significant in the study due to the large contribution of garden watering to total 
household consumption. The second model has broken down the number of residents into 
number of adults, children, and infants to predict water use. The coefficients of the model 
developed indicated that an additional adult has a greater effect on household consumption 
than an additional child while an additional infant has the smallest effect.  Both models 
produced low values for the coefficient of determination (R2) of 34% and 35% respectively for 
total domestic use. The models indicated that a cut in annual allowance of 100kL for a 
household will on average cause a drop in annual consumption of 50kL. Other explanatory 
variables which were found to be not statistically significant include; household income, 
whether or not large rainwater tanks were installed, and length of time in dwelling (years). 
The details of the models developed are shown in Table 2-1. 
Table 2-1. Coefficients of the Models Developed, Dandy (1986) 
Model Annual 
Allowance (kL) 
Residents Adults Children Infants Area (m2) Constant R2 
(%) 
1 0.503  
(9.09) 
39.9 
(8.61)
0.0506 
(2.40) 
57.3 33.8
2 0.486  
(8.81) 
55.3 
(7.50)
33.6 
(5.15)
23.9 
(2.14)
0.0478 
(2.28) 
36.7 35.3
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The t-statistic for each coefficient is given in brackets. 
According to Coombes et al. (2000), a model of ex-house water demand that relied on price 
and climate variables such as monthly rainfall and potential evaporation has been developed 
by Kuczera and Ng (1994). The model produced a low value for R2 of 0.39 indicating it was a 
poor predictor of ex-house water use. Current demand models as typified by those of Dandy 
(1986), and Kuczera and Ng (1994) are based on regression fitted to physical parameters. 
Coombes et al. (2000) developed a probabilistic behavioural daily ex-house water use 
model, which simulates behavioural reaction to climatic variables such as rainfall and 
temperature using a probabilistic framework rather than relying on linear regression to 
physical parameters. The model was able to simulate the strong seasonal ex-house demand 
trends in the Lower Hunter Region, NSW and showed an improved predictive ability with R2 
value of 0.49 – 0.67. The model shows an improved predictive ability in comparison to 
traditional models currently in use with R2 values in the order of 35% (Coombes et al. 2000 
and Dandy 1986). The model uses monthly average daily ex-house water use, daily rainfall 
depth, and maximum daily temperature to simulate daily ex-house water use. Ex-house 
water use is shown to be most likely on days without rain. On days without rain the volume of 
water used is influenced by normal water use habits and temperature. There is also a small 
probability of ex-house water use on days with rainfall. However, the volume of water used is 
limited by the depth of rainfall. When the rainfall depth is large there is no ex-house water 
use for several days regardless of rainfall. 
The models developed by Dandy (1986), Kuczera and Ng (1994) and Coombes et al. (2000) 
were all based on either annual or monthly recorded water usage and the data did not allow 
for possible disaggregation into major end uses of water. 
Zhou et al. (2000) also adopted Maidment and Miaou (1986) methodology based on time 
series analysis in which daily water consumption is considered to be the sum of base 
consumption and seasonal consumption, the latter comprising of seasonal, climatic and 
persistence components. They formulated a time series model as a set of equations to 
forecast daily urban water demand using the daily water use from Greater Melbourne, 
Australia. These equations represent the effects of four factors namely trend, seasonality, 
climatic correlation and autocorrelation on water use. The annual trend in base consumption 
was represented by a polynomial as a function of time. Seasonal water use was modelled by 
seasonal, climatic and persistence components in consideration of the summer and winter 
six months separately. The recommended model from the study has a R2 value of 90% and 
has performed satisfactorily when tested using a cross-validation procedure and an 
independent data set during the summer period from 01 December 1996 to 31 January 1997. 
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Both Maidment and Miaou (1986) and Zhou et al. (2000) considered base use as weather 
independent and represented it by a polynomial as a function of time. However, in modelling 
seasonal use, Maidment and Miaou (1986) employed a nonlinear heat function relating water 
use to air temperature during a rainless period to deseasonalise the series while Zhou et al. 
(2000) used the Fourier series to estimate the seasonal cycle in water use. While Maidment 
and Miaou (1986) relied on just two climatic variables, rainfall and temperature, Zhou et al. 
(2000) in addition to these two variables included Class A pan evaporation, Antecedent 
Precipitation Index (API) and the number of days since previous rainfall.  
Maidment et al. (1985) reported that the reason for using the heat function approach in 
estimating seasonal use rather than more conventional methods such as fitting Fourier series 
is that changes in air temperature can either increase or decrease water consumption, but a 
rainfall occurrence can only reduce consumption. A Fourier series model of historical 
seasonal water use may not represent these effects adequately as it contains rainfall as well 
as temperature effects.  
Maidment et al. (1985) also analysed the short memory series which is composed of the 
rainfall effects and the random component using Box-Jenkins time series analysis techniques 
while Zhou et al. (2000) determined climatic consumption and persistence components by 
individual regression. Zhou et al. (2000) reported that there was no consideration given to 
component interaction in their model although it is accepted that they are present. 
2.3. Summary 
End Use Studies 
The “end use” of water is a breakdown of the total household water usage in a single-family 
home such as toilets, showers, washing machines, taps, lawn watering etc. One of the key 
findings of the National Land and Water Resources Audits Australian Water Resources 
Assessment 2000 is the lack of detailed knowledge about the end use. For Melbourne, 
Australia, the Victorian Government developed the Water Resources Strategy for the next 50 
years where some of the water savings assumed in the “Discussion Starter” were verified 
and ultimately modified using water use data from other states (Water Resources Strategy 
Committee for the Melbourne Area 2002). The Committee noted that the data available from 
existing studies was inconclusive and susceptible to the subjectivity of the methodology and 
recommends further studies to identify and quantify use and water consumption influences in 
both the domestic and industrial/commercial sectors as the implementation of the Strategy 
progresses. 
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In the USA, there are several studies conducted on residential water demand forecasting 
using historic billing data, household attributes, water using behaviour and socio-economic 
characteristics, however, only few of these used household water demand data 
disaggregated into end uses for taps, showers, washing machines etc. (American Water 
Works Association 1999). A number of studies including the HUD report (Mayer et al. 1999 
and Brown and Caldwell 1984), the EBMUD (Aher et al. 1991); PMCL’s and the A&N 
Technical Services studies (Kiefer et al. 1993) was described by Dziegielewski (1993a) as 
statistical studies that provided useful models of water demand and conservation 
effectiveness, however, these models were unable to accurately disaggregate water 
demands into end use level.  
The concept of measuring residential water use by collecting instantaneous flow data directly 
from a customer’s water meter was implemented in the 1994-1996 Heatherwood Study 
sponsored by the City of Boulder, Colorado, USA (American Water Works Association 1999). 
Disaggregation of these flow data into individual water use events such as a toilet flush, a 
clothes washer cycle, or tap use revealed subtle variations in water use patterns that would 
have been masked in analyses relying on periodic billing data.  
The AWWA Research Foundation sponsored the REWS conducted in 14 North American 
cities which demonstrates the feasibility of identifying and measuring the different ways 
household water use as well as describing and analysing variations in water used for specific 
purposes between different households. The predictive models developed significantly 
increased the confidence in explaining the observed variations in water use and could be 
used to prepare conservative estimates of water use for the indoor end uses and total indoor 
use. For the first time, differences in water use at the end use level have been attributed to 
causal factors related to price and socio-economic characteristics (American Water Works 
Association 1999).  
In Australia, only the Western Australia Water Corporation in Perth and YVW in Victoria 
logged households and collected data on end uses of water. As far as the author is aware, 
as of this writing there is no end use models developed yet.  
The Western Australia Water Corporation conducted DWUS using the REWS methodology 
to update its knowledge of domestic water use patterns and trends and is currently using the 
findings of the study to formulate a preliminary water savings strategy (Coghlan and Higgs 
2000 and Loh and Coghlan 2003). YVW also adopted the REWS methodology in monitoring 
water consumption in its 25 staff in 2001 and in 100 households in 2004. 
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Residential Water Demand Models 
Previous papers on forecasting urban water demand consider annual or monthly data and 
only a few addresses daily water use. Maidment et al. (1985) formulated a short-term 
forecasting model that rests on the following three (3) propositions:  
1. total urban water use consists of  base use and seasonal use, with base use considered 
as weather-insensitive and observed as average use in the winter months; and seasonal 
use as weather-dependent and is the difference between base use and total use during 
the other months of the year; 
2. in the absence of rainfall, seasonal use follows a characteristic pattern over the year that 
is dependent on temperature conditions; and 
3. a sudden drop in seasonal use is observed due to rainfall but gradually diminishes over 
time. 
Maidment and Miaou (1986) applied the model to daily water use data from nine (9) cities in 
the USA, three each from Florida, Pennsylvania, and Texas with R2 for the nine cities 
averaged 96%, 73%, and 61% respectively. They concluded that the average seasonal use 
for the three cities in each state were 23% in Texas, 15% in Florida, and 5% in Pennsylvania 
of the mean annual use. The response of water use to rainfall depends first on the 
occurrence of rainfall and second on its magnitude. In Austin, Texas, a spatially averaged 
rainfall series showed a clearer relationship with water use than rainfall series from a single 
gauge. There was a non-linear response of water use to air temperature changes. They also 
concluded that for small cities, such as College Station, Texas, there was a relatively higher 
inherent randomness in the daily water use data than in larger cities, so smaller cities would 
be harder to model than larger cities. 
Zhou et al. (2000) also adopted the methodology and a time series model was formulated as 
a set of equations to forecast daily urban water demand using the daily water use from 
Greater Melbourne, Australia. These equations represent the effects of trend, seasonality, 
climatic correlation and autocorrelation on water use. The annual trend in base consumption 
was represented by a polynomial as a function of time. Seasonal water use was modelled by 
seasonal, climatic and persistence components in consideration of the summer and winter 
six months separately. The model from the study has a R2 value of 90% and has performed 
satisfactorily when tested using a cross-validation procedure and an independent data set 
during the summer period from 01 December 1996 to 31 January 1997. 
Both of these models considered base use as weather independent and represented it by a 
polynomial as a function of time. However, in modelling seasonal use, Maidment and Miaou 
(1986) employed a nonlinear heat function relating water use to air temperature during 
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rainless period to deseasonalise the series while Zhou et al. (2000) used the Fourier series 
to estimate the seasonal cycle in water use. While Maidment and Miaou (1986) relied on just 
two climatic variables, rainfall and temperature, Zhou et al. (2000) in addition to these two 
variables included Class A pan evaporation, Antecedent Precipitation Index (API) and the 
number of days since previous rainfall.  
The literature review revealed that end use studies in Australia is still in its infancy stage and 
this could be attributed to the cost involved in installing data loggers in each household and 
the need of this type of study. Water authorities and government planners in Australia 
realised the importance of end use studies due to the current drought which forced water 
restrictions to be imposed; the need to conserve water and the need to monitor the 
effectiveness of conservation programs. While it could not be denied that water demand 
models and studies undertaken at the aggregate level are useful tools in water resources 
planning especially in forecasting short term and long term demands, their effectiveness in 
assessing the effects of demand management programs are limited. In the USA, while there 
are a number of end use studies undertaken, the REWS study is the latest study that collects 
and analyse end use data from single households and therefore provides information on 
water use habits. In this research, the methodology adopted on end use analysis and 
modelling is based on REWS study. 
For the development of a daily demand model for a residential zone which is one of the 
objectives stated in Section 1.2, the methodology is based on Maidment et al. (1986) 
approach. The reason for the adopting this approach is that the effects of rainfall and air 
temperature on daily water use was extensively studied and tested for the three cities in each 
of the states of Florida, Pennsylvania and Texas (Maidment et al. 1985b and Maidment and 
Miaou 1986) and was also applied by Zhou et al. (2000) in Greater Melbourne, which is a 
combination of commercial, industrial and residential zone. It was then decided that the 
methodology could be assessed for its applicability in a residential zone in Australia with a 
different consumption pattern than that of Greater Melbourne.  
The methodology used in this research is detailed in Chapter 3.  
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Chapter 3. METHODOLOGY  
3.1. Introduction 
Based on the literature review in Chapter 2 and on the available data obtained from YVW the 
following methodology is adopted in order to attain the objectives set in Section 1.2: 
• For the end use data, the basic research process is based on the REWS conducted 
by the AWWA Research Foundation.  
• For the water supply distribution zone data, the methodology adopted was based on 
the three postulates developed by Maidment et al. (1985). 
The general process was first to contact water authorities around Greater Melbourne to 
determine the availability of data. This was followed by coordinating with the water authority 
that has data on end uses of water and the daily data, analysing the data and developing 
urban water demand models. The methodology follows the layout shown in Figure 3-1. 
 
 
 
 
 
 
 
 
 
 
Figure 3-1. Layout of Methodology  
Coordination with Relevant Water Authority
End Use Data
End Use Data Collection
End Use Data Disaggregation
End Use Data Analysis
Survey Development & Implementation
Supplemental Data Collection
End Use Modeling
Water Supply Distribution Zone Data
Data Analysis
Daily Urban Water Use Modeling
Estimation of water Savings Potential
Development of a Computer Residential Household Model
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3.2.  Coordination with Relevant Water Authority 
The study commenced by first contacting the three water authorities in Greater Melbourne 
(YVW, South East Water, and City West Water) to determine the availability of end use data. 
During the period of study, YVW was the only water authority in Victoria, the second in the 
whole Australia that has logged and collected end use data. The high cost involved in the 
collection of end use data discouraged other water authorities to collect this level of data. 
YVW logged and collected end use data from its 25 staff over the three week period of 
February 2001.  
The research proposal was submitted to YVW to seek their comments and their approval in 
the undertaking of the study. Their commitment and participation guaranteed access not only 
to existing end use data but to other relevant data required for the completion of the study 
and any new data collected that could be used for the study.  
Regular meetings with YVW representative were held during the conduct of the study. In 
2004, in response to one of the recommendations in the Water Resources Strategy for 
Melbourne, YVW logged and collected data from 100 homes across Melbourne. This 
additional data such as the Feb 2004 data and the Aug 2004 were also provided by YVW in 
October 2004 and in early 2005 respectively.  
The data obtained from YVW included the following: 
• End Use Data collected from three periods of monitoring 
• Water Supply Distribution Data for East Doncaster Zone at half-hourly and daily intervals 
3.3. End Use Data 
This section presents the methodology adopted for end use data analysis from end use data 
collection, end use data disaggregation, survey development and implementation; and end 
use modelling. The aim of this section is to be able to answer the questions of how, how 
much, where and when water is used in the single family home. The results of the analysis of 
end use data is presented in Chapter 4. 
3.3.1. End Use Data Collection  
There were three sets of end use data obtained from YVW based on the dates that the 
selected households were logged: 
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• 09 Feb – 02 Mar 2001, water use data at 1-minute interval for the 25 households logged. 
The households belong to 24 YVW staff as part of the YVW High Water Using 
Appliances Study (Gato et al. 2004).  
• 10 Feb – 04 Mar 2004, water use data at 5-second interval for the 93 households logged 
to represent the summer period. The households were selected across Greater 
Melbourne and during this period Melbourne was under water restriction.  
• 01 – 20 Aug 2004, water use data at 5-second interval for the 80 households logged to 
represent the winter period. The households logged during this period were the same 
households logged in February 2004. Some households logged during the summer 
period (Feb – Mar) were not included during the winter period monitoring due to 
malfunctioning of data loggers.  
Selection of Households for End Use Monitoring 
YVW selected the households to be logged and surveyed for the three periods of monitoring 
(February 2001, February 2004 and August 2004). YVW selected 25 of its staff across 
Melbourne for the February 2001 monitoring and 100 residents across Melbourne for the 
2004 monitoring.  
Recording and Collection of End Use Data 
The data was collected from each household by installing data loggers in the water meters 
adopting the methodology in the REWS study (Mayer, et al, 1999). As reported by Mayer et 
al. (1999) Dziegielewski et al. (1993b) first noted the concept of flow trace analysis and 
suggested that a single data logger attached to a residential water meter might yield data 
which could be disaggregated into its individual end uses. This is based on the fact that most 
residential water uses have consistent flow trace patterns such as a toilet will generally have 
the same volume and flow rate every time it flushes or a specific dishwasher, clothes 
washers, showers, irrigation systems, etc. will exhibit the same series of flow patterns every 
time it is run. By recording flow data at certain intervals to optimise accuracy and logger 
memory, the resulting flow trace is accurate enough to quantify and categorise almost all 
individual water uses in each household being studied. 
The purpose of flow trace analysis is to obtain precise information about water use patterns 
that is; where, when, and how much water is used by a variety of water using appliances 
including toilets, showers, baths, taps, clothes washers, dishwashers, hand-held and 
automatic irrigation systems, evaporative coolers, leaks, and more. In the REWS study this 
was accomplished by recording flow rates from a magnetic driven water meter every 10 
seconds using especially designed data loggers. This data is precise enough that individual 
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water use events such as a toilet flush or a clothes washer cycle or filling up a glass of water 
from the kitchen tap and even relatively similar events such as toilet leaks and tap use can 
be isolated, quantified and then identified. This technique makes it possible to disaggregate 
most of the water use in a single-family residence and to quantify the effect of many 
conservation measures, from toilet and tap retrofit programs to behaviour modification 
efforts. 
3.3.2. End Use Data Disaggregation 
Household Diaries 
To be able to disaggregate the 2001 data, YVW also asked the 25 households residents to 
keep a diary to record the time and duration of their water usage for toilets, showers, laundry, 
and gardens including water level for washing machines during the first week of logging. For 
the second and third week of monitoring period, only garden usage, duration and method 
were asked to be recorded in the diary (Figure 3-2). These diaries were designed by AC 
Nielsen a consultant for YVW. 
Each respondent was asked to record the approximate time of the day they used the toilet, 
shower, bathtub, indoor spa, washing machine, garden and other major uses in the provided 
diary. The toilet usage should be specified whether it is full flush or half flush. The duration in 
minutes of a shower taken was noted in the corresponding time of the day. Bath tub and 
indoor spa was noted as full or a fraction thereof. 
The most detailed, time consuming and painstaking part of this study was the disaggregation 
of the end use data collected with the data loggers during February 2001. There were 25 flow 
data files at 1-minute interval for around three weeks of monitoring (25 homes). Each of 
these files were analysed and disaggregated manually into major end uses of water such as 
toilets, showers and baths, laundry, garden, leaks by matching them with the corresponding 
household water usage diaries (Figure 3-2) and surveys. Due to the time involved in 
analysing manually, YVW contracted a US company that used the Trace Wizard computer 
software package to disaggregate the 2004 data into categories namely: baths, clothes 
washer, dishwasher, tap, irrigation, leak, toilet, cooler, swimming pool, and unknown.  
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Figure 3-2. A Sample House Diary used in February 2001 Study 
Trace Wizard 
As described by Mayer et al. (1999), Trace Wizard is a 32-bit software package developed 
by Aquacraft specifically for the purpose of analysing flow trace data. Trace Wizard provides 
the analyst with powerful signal processing tools and a library of flow trace patterns for 
recognising a variety of residential fixtures. Any consistent flow pattern can be isolated, 
quantified, and categorised using Trace Wizard including leaks, evaporative coolers, and 
swimming pools. Trace Wizard is integrated into the Meter-master for Windows software 
which comes with the F. S. Brainard data logging system. 
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Analysis with Trace Wizard is currently a multi-step, iterative process. First, Trace Wizard 
takes the raw gallons or litres per minute flow data from the Meter-Master for Windows 
program and disaggregates the data into individual water use events from the smallest leak 
to the largest automatic sprinkler session. During the event calculation process, Trace 
Wizard calculates a specific set of statistics about each water use event. These statistics are: 
start time, stop time, duration, volume, peak flow rate, mode flow rate, and mode of 
frequency. All of these statistics are included in the final data base of water use events. 
Once all the water use events have been isolated and quantified and statistical outcomes 
generated, Trace Wizard implements a user defined set of parameters developed for each 
individual study residence to categorise the water use events and assign a specific fixture 
designation to each event. These parameters can include the volume, duration, peak flow, 
rate and mode flow rate of each specific fixture. For example, a toilet may be defined as 
using between 3 and 15 litres per flush, the peak re-fill flow rate is between 15 and 18lpm. 
Similar parameters are established for each of the fixtures found in the household. This 
simple signal processing routine runs quickly and assigns a fixture category (toilet, shower, 
clothes washer etc.) to each water use event. The routine is re-run by the analyst frequently 
during the analysis process as the parameters are “fine-tuned” to fit the fixtures in each 
specific house. The analyst uses the survey response data detailing the specific water-using 
appliances and fixtures in the house to build the parameters file which assigns fixtures to 
water use events. The graphical interface of Trace Wizard allows the analyst to visually 
inspect water use events and build the parameter file so that it correctly identifies as many of 
the water use events as possible. When working for the first time with data from a residence 
it takes a trained analyst approximately one hour per week of data to complete flow trace 
analysis using Trace Wizard. Once an accurate parameter file has been created for that 
specific residence, the analysis time can be reduced significantly. 
Trace Wizard is also capable of recognising simultaneous events that frequently occur in 
residential households. For example, if someone is taking a shower in one bathroom and 
someone else in the house flushes the toilet and uses a tap, Trace Wizard is able to 
separate these three distinct events through a set of user defined parameters (Figure 3-3). 
The figure shows a clothes washer having two primary cycles (wash and rinse) and a 
number of spin cycles before and after the rinse cycle; a simultaneous shower, a toilet flush 
and a tap use. 
At the conclusion of analysis, the final product is a database of water use events which have 
been given fixture identification. This database is created in MSAccess format and can be 
further analysed using MSAccess or any compatible database product.  
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Figure 3-3. Trace Wizard showing several water use events; clothes washer (blue), shower (red), 
toilet flush (green), and tap (yellow) 
3.3.3. End Use Data Analysis 
The disaggregated end use data for the three periods of study were then analysed as 
follows: 
Daily Household Use 
The average daily total water use per household was calculated for each of the three 
periods of study using Equation 3-1. The total volume of water consumed per household 
over the entire monitoring period was divided by the number of days the household 
monitored and not by the number of days of the monitoring period. This is because the 
duration of monitoring per household can vary.  
n
x
y ∑=
         Equation 3-1 
where y = average daily total household use, Lph 
∑ x  = total water use over the entire monitoring period, L 
n = number of days the household was monitored 
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The average daily water use per household per period was then calculated by using the 
following equation. 
p
p
p h
y
c ∑=
         Equation 3-2 
where cp = average daily total household use per period, Lph 
 p = pertains to the period of monitoring such as Feb 2001, Feb 2004, and Aug 2004 
 ∑ py = sum of all the average daily total household use for the period, L 
 hp = number of households monitored during the period 
The average daily total household use for the three periods of monitoring was then 
compared. 
The average daily water use per capita was also calculated per household and per period 
and the resulting average per period was compared with other studies in Australia and 
overseas. 
Components of Daily Household Water Use 
The components of daily water use for this study included outdoor use, indoor use and 
leakage. The average daily values per household for outdoor use, indoor use and leakage 
were calculated in the same manner as the average daily total household use: 
n
x
y oo
∑=
         Equation 3-3 
where yo = average daily outdoor use per household, Lph 
∑ ox  = total outdoor water use over the entire monitoring period, L 
n = number of days the household was monitored 
The average daily outdoor water use per household per period was then calculated by using 
the following equation. 
op
op
op h
y
c ∑=
         Equation 3-4 
where cop = average daily outdoor  use per household for the period 
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 p = pertains to the period of monitoring such as Feb 2001, Feb 2004, and Aug 2004 
 ∑ opy = sum of all the average daily total household use for the period 
 hp = number of households monitored during the period 
The average daily total outdoor use for the three periods of monitoring was then compared. 
The same equations were used for indoor use. The average daily indoor water use per 
capita was also calculated per household and per period and the resulting average per 
period was compared with other studies in Australia and overseas.  
Components of Indoor Use 
The indoor use in this study included water used in toilets, showers, baths, indoor spa, 
washing machines and those classified as “others”. The "others” category included water 
use in dishwashers, taps, coolers and those that could not be assigned any specific use 
category during the analysis process. For 2004 monitoring, the data was disaggregated by 
Trace Wizard that made it possible to separate water use for taps, dishwashers and coolers.  
The average daily water use for each indoor component was calculated based on the 
equations used for daily average total household use and average daily outdoor use. The 
average daily water use for each indoor component in each period of monitoring was also 
calculated and compared with other studies in Australia. The type of toilet, shower and 
washing machine was determined as well as the frequency of utilisation for each of the 
indoor water using appliances was also calculated per household such as how many times 
does a household flush their toilet, take a shower and does laundry. 
Components of Outdoor Use 
The outdoor use comprised mostly of garden watering, car washing, outdoor pool filling and 
other outdoor water related activities. 
The average daily water use for each outdoor component was calculated based on the 
equations used for daily average total household use and average daily outdoor use. The 
average daily water use for each outdoor use for each period was also calculated and 
compared with other studies in Australia. The type of gardening system and the frequency of 
gardening per household was also determined. 
3.3.4. Survey Development and Implementation 
In order to explore the causal relationships of water use, it is necessary to obtain data on 
possible explanatory variables. These variables included detailed information that can only 
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be supplied by the household occupant and can only be obtained through household survey 
such as water using appliances and fixtures, water using habits, household and landscape 
characteristics, and demographic information. 
Survey Design 
YVW developed the survey questionnaires for 2004 study but contracted AC Nielsen to 
develop the first survey questionnaire for the February 2001 study. The first questionnaire 
included questions about the household demographics, approximate household income, 
lifestyle characteristics such as ownership of a pool and irrigation methods and habits, and 
type of water using fixtures present in each residence. A copy of the questionnaire is 
included in Appendix A. The second questionnaire included approximate size of the garden 
but did not ask for household income.  
Survey Implementation 
YVW staff was assigned responsibility for survey implementation for the 2004 study and 
contracted AC Nielsen to conduct the 2001 survey implementation. The survey packet 
containing a cover letter and the survey questionnaire was handed to the respondent. The 
cover letter stated the goal of the survey, what is involved in the study, how long will it take to 
fill up the questionnaire, confidentiality of the responses and the $50 shopping voucher from 
Myer Department store once the questionnaire is returned. To facilitate respondent needs, a 
phone number for YVW staff was made available to answer questions and provide 
assistance. 
3.3.5. Supplemental Data Collection 
Supplemental data was also collected to provide additional information about each logging 
period (Feb 2001, Feb 2004 and Aug 2004). These data were used in the model estimation 
process and to qualify end use measurements. 
Weather Data 
The weather data including daily maximum temperature and measured rainfall were obtained 
from the Bureau of Meteorology (BOM) for the logging period and for the period 
corresponding to the historic billing data. These data were used so that the relationship 
between weather and water use could be explored during the data logging end use analysis 
and the water use model development. The weather data were incorporated into the 
database developed for each logging period.  
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Billing Data 
Quarterly billing data were obtained from each participating household. A total of 125 
accounts were obtained. These data when coupled with the survey response data and the 
end use data comprised a powerful tool for examining annual and seasonal water use. Billing 
data are also a convenient way to compare and contrast water use between households and 
examine differences in annual consumption. 
3.3.6.  End Use Modelling 
Once the data collection and analysis was complete, all of the assembled information was 
used to develop analytical tools and relationships to explain single-family residential water 
use in Melbourne. 
Development of End Use Models 
End use logging data was combined with household survey to develop models of water 
demand at the end use level. These models were designed exclusively to search for and 
reveal household characteristics that explain, from a statistical perspective, variation in water 
use from household to household. 
Using logged data and surveys for the household monitored in Feb 2004, end use models for 
toilet, shower, laundry, tap and cooler were developed. These models were validated using 
the data for Aug 2004 and Feb 2001 monitoring periods. 
Multiple regression analysis was used to estimate each of the end use models. Multiple 
regression analysis is commonly used to estimate a direct and quantifiable numeric 
relationship between a variable of interest (the dependent variable) and a set of independent 
variables that are hypothesized to affect or explain changes in the variable of interest. 
End Use Model Performance Criteria 
End use model performances were evaluated according to two criteria: standard error, SE, 
and the coefficient of determination, R2. A favourable model is the one with high R2, but low 
residual standard error.  
All parameters considered in the end use modelling were tested of its statistical level of 
significance by its P-value. The P-value is the smallest level of significance at which the 
parameter is significant (Devore 1990). Conventionally (and arbitrarily) a p-value of 0.05 (5%) 
is generally regarded as sufficiently small. The 5% value is called the significance level of the 
test (Campbell and Machin 1999). In this study, a P-value lower than 0.05 is considered 
statistically significant.  
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Analysis of Variance 
Analysis of variance (ANOVA) was performed to determine the extent to which variation 
could be found among the mean values of each end use components covering the three 
monitoring periods. ANOVA is a set of statistical procedure for the analysis of quantitative 
data. Multiple comparisons in ANOVA are techniques which allow ranking the means of 
various treatments with 95% confidence so that all confidence intervals comparing the 
means contain the true differences between the treatment means (McClave et al. 1997). 
According to Devore (1991), Tukey developed a procedure specifically for pairwise 
comparisons when the sample sizes of the treatments are equal. Tukey’s procedure involves 
the use of a probability distribution called the Studentized range distribution and the result is 
a collection of simultaneous confidence statements about the true values of all differences 
between true treatment means (Devore 1991). 
In order to determine which differences in water uses were statistically significant, multiple 
comparison tests for significance using Tukey’s procedure were performed on the per capita 
consumption for each end use in each logging period at the 95% level of confidence. This 
multiple comparisons procedure provided a relatively simple methodology for developing 
simultaneous confidence statements from multiple sets of data such as the different daily per 
capita water use found for each logging period. As reported by Mayer et al. (1999), Tukey’s 
procedure may not be as sensitive in detecting differences in some situations as other 
methods such as those of Bonferroni’s or Scheffe’s, but it offered an appropriate and 
effective methodology to use for this study on per capita usage data. 
Extending End Use Models to Predict Monthly Use 
In order to adjust the system of end use models for the effects of weather and time of the 
year, water use billing data and weather data were combined with predictions from the end 
use models to develop a model that is capable of producing better estimates of total average 
daily water use in any given monthly/bimonthly billing period. In this context, predictions from 
the end use models were arrayed with billing period water use and weather conditions to 
estimate the model. Because the process was to broaden to billing data, the model was 
termed the “extended” model for predicting billing period use. The model provides estimates 
of average total single family household water in any given billing period in terms of usage 
per day (ML/day). These extended models could also be used to develop estimates of indoor 
and outdoor use. 
Monthly billing data for the entire sample of single-family households was modelled using 
predictions from the reduced form models as inputs and variables denoting weather 
conditions and time of year. This two-step procedure resulted in water use predictions for 
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total monthly water use, indoor use and outdoor use. These predictions were compared with 
actual end use logging and monthly billing data for the logged households to test the general 
performance of the models in reproducing actual water use. 
3.3.7. Estimation of Water Savings Potential 
Estimation of potential water savings from using water efficient appliances is not one of the 
stated objectives in Section 1.2. However with the data available it is possible to estimate 
these values which would be beneficial in assessing the effectiveness of some water 
conservation programs. The estimates of possible water savings are calculated by 
comparing water usage between households with water efficient appliances and those 
without. The results of this calculation are presented in Section 4.5. 
3.3.8. Development of a Computer Residential Household Model 
Another application of this research was the development of a residential indoor water use 
estimation computer program (Java Applet) and a GIS-based residential indoor water use 
model based on the end use models developed from end use analysis. The details of the 
model are presented in Chapter 5.  
The residential water use household-based model is simply a collection of objects, with 
properties, relationships to each other and definable behaviours. The model consists of 
several objects or entities such as a household, person, shower, clothes washer, toilet, bath, 
dish washer, taps (faucet), hot water system, evaporative cooler, and spa. The model does 
not include outdoor water use. These objects are related to each other such as: 
• Every person is a member of a household 
• All households have a shower, a clothes washer, a toilet, a water tap, a dish washer, a 
hot water system and can have a evaporative cooler and a spa. 
An object can have attributes: 
• A shower and a tap each has a flow rate (L/min) 
• A toilet, clothes washer and dishwasher each has a use capacity (L/flush and L/load) 
The model contains several behavioural rules: 
• The total indoor water use, the number of clothes washer loads, the number of dish 
washer loads, the number of tap usage and the number of toilet usage are all 
proportional to the number of persons in the household. 
• A person takes a shower in any given day with a probability p ≤ 1.0  
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3.4. Water Supply Distribution Zone Data 
In order to attain one of the objectives set in Section 1.2, specifically the development of a 
predictive model to forecast daily urban residential water demand and based on the results of 
literature review undertaken in Section 2.2, the methodology discussed in Sections 3.4.1 and 
3.4.2 is adopted. The results of the analysis of the water supply distribution zone data is 
presented in Chapter 6. 
Two sets of data for East Doncaster water supply distribution zone (Figure 6-2) were provided 
by YVW and these are as follows: 
• Water supply data of East Doncaster water supply distribution zone recorded at half-
hourly interval from 1991 to 2001 for January and July. 
• Water supply data of East Doncaster water supply distribution zone recorded on a daily 
basis from January 1991 to March 2001. 
3.4.1. Data Analysis 
The following analyses were undertaken on the half-hourly and daily data of East Doncaster 
water supply distribution zone data received from YVW:  
• Basic statistical analysis to determine the average, maximum, minimum, median and 
standard deviation values was undertaken for all the data collected. Demand profiles 
from half-hourly data for the months of July and January and from the daily data over the 
10-year period were developed. Seasonal water consumption was also determined 
based on the calculated average values.  
• Analysis on how rainfall and temperature influence urban water use including the effects 
of significant temperature increase, of consecutive hot days and of significant rainfall. 
3.4.2. Daily Urban Residential Water Use Model 
The daily urban residential water model developed in this study is based on the postulates by 
Maidment et al. (1985) that a daily urban water use series consist of three major 
components: base use, Wb,d, potential seasonal use, PUd, and short-memory (or irregular) 
use, Wsd. Each component may be subjected to changing trend and/or seasonality. The 
characteristics of each component and their modelling approaches are discussed. 
)]()(ˆ)[()(ˆ dWdWdgdWW spbd ++=   (Maidment et al. 1985) Equation 3-5 
where: 
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Wd daily water use 
bWˆ  estimated base use 
g trend coefficient for peak seasonal use 
pWˆ  estimated potential water use, a function of normal air temperature 
Ws short-memory water use 
d daily time index from beginning of series 
Base Use, Wb 
Base use, Wb is defined as the portion of water use (mainly indoor use) that is insensitive to 
climatic conditions and is typically characterized by the winter use (May to September) in 
East Doncaster, Victoria, Australia. The variations of base use through time are mainly due 
to the changes of socio-economic factors such as population or number of customers.  
Base use exhibits trends due to population and socioeconomic factors such as household 
income and water price. There are various methods available for estimating base use 
including regression against population and socioeconomic variables such as household 
income and water price or by fitting a polynomial function of time to the lowest month of 
water consumption in each year. In this study, base use is regressed against temperature 
and rainfall because this usage are weather dependent as indicated in some studies that 
winter use can be quite weather sensitive in some areas, for example, Florida, USA 
(Gibbs 1978) and southern California, USA (Miaou 1987) and in a city like Melbourne with 
long dry cold spells (Gato et al. 2003).  
Base use, Wb in megaliters per day (ML/D) can be represented by a function of 
socioeconomic and climatic variables: 
Wb = hd (T, R, X;β) + νd  (Maidment et al. 1985)  Equation 3-6 
where: 
 d daily time index 
 hd ( ) function h at day d 
 T daily maximum air temperature 
 R daily total rainfall 
 X a set of socioeconomic variables (X1, X2, …….) 
 β   parameter vector to be estimated 
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 ν  model residuals 
Trend in base use can be identified from the monthly water use of the winter months, usually 
July in Victoria, Australia, by fitting the following regression model; 
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++++=  (Maidment et al. 1985) Equation 3-7 
where: 
m = time index in month; 
Yi = socio-economic variables, i =1, …., ki; and 
a1’s, ci’s = coefficients need to be estimated 
Then an equivalent trend to Equation 3-7 on a daily basis was estimated, Wb,d.  
A more general model framework by Miaou (1990), which allows both base use and 
seasonal use to be weather-dependent is a special formulation of Equation 3-5 which is: 
ddi
i
idddb XRGTHW νββββ γ +++++= ∑ ,22110, )()(  (Maidment et al. 1985) 
          Equation 3-8 
where Hτ ( ) and Gγ ( ) are the “heat” and “effective rainfall” functions defined as 
 Hτ (Td ) = Td - τ Td ≥ τ 
 Hτ (Td ) = 0  Otherwise 
 Gγ (Rd) = Rd  Rd ≤ γ 
 Gγ (Rd) = γ  Otherwise 
Where τ and γ are called “reference” or threshold” temperature and “reference” or “threshold” 
rainfall, respectively. A threshold temperature below which water use is independent of 
temperature is represented by τ and γ is a threshold rainfall amount whereby excess rainfall 
would not contribute more to the water reduction, as a result of saturated soil moisture 
content or because water use has already been driven to its base level. Depending on the 
ranges of the available climatic variables, these two thresholds may not be identifiable in 
practice. 
However, if τ and γ can be identified statistically from the data, then an estimate of base use 
that is totally independent of the climatic effects is to substitute Td and Rd with τ and γ in 
Equation 3-8: 
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di
i
idb XW ,220, +++= ∑βγββ  (Maidment et al. 1985)  Equation 3-9 
where βs are the estimated parameters from the regression analysis. The temperature term 
zeros out because Hτ (τ) equals zero.  
Seasonal Use, Ws 
An estimated seasonal water use, Ws, is then obtained by subtracting Wb,d, an equivalent 
trend to Equation 3-7 on daily basis, from daily water use, Wd:  
Ws(d) = Wd(d) – Wb(d)       Equation 3-10 
This portion of water use is mainly outdoor water use and affected by the weather variations, 
temperature and rainfall variation in particular. Adopting the postulates suggested in the daily 
water use study by Maidment et al. (1985), seasonal use Ws has three components namely; 
potential seasonal water use that is dependent on temperature in the absence of rainfall; 
water use reduction due to rainfall; and the zero mean random component. The variation in 
seasonal use is expected to be influenced by prevailing weather conditions such as air 
temperature, evaporation and rainfall. Water consumption tends to exhibit a similar pattern to 
that of the air temperature and evaporation that vary periodically over a year. Rainfall varies 
in a more random fashion, occurring in bursts, but zero most of the time.  
Deseasonalisation 
The daily seasonal water use, Ws, has strong seasonality due to weather effects, mainly air 
temperature, Td, and rainfall, Rd. As reported by Zhou et al. (2000), there are various 
methods available in modeling seasonal variation in water consumption. This includes (1) the 
formation of twelfth differences of data (Box and Jenkins 1976); (2) the development of an 
autoregressive model of Wsp whose coefficients reflect seasonality; (3) the use of the 
arithmetic or Fourier – smoothed daily means of Wsp and; (4) the regression of  Wsp against a 
seasonal variable such as maximum temperature. Two deseasonalisation models are 
discussed in this section. The first model is briefly introduced and its difficulties are 
summarised. 
Method (1): Potential Seasonal Water Use, Wsp 
The potential seasonal water use, Wsp was defined in Miaou (1983) to be the seasonal use 
when normal air temperature and no rain rainfall occurs. In modelling seasonal variation, 
Maidment et al. (1985) assumed that there is a functional relationship between water use 
and temperature, which is valid in the absence of rainfall. To estimate this potential seasonal 
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use, a heat function, H(T), was adopted which was determined from the selected weekly 
average values of Sd plotted against the corresponding average values of Td. The data points 
are selected if there is no rain in the previous N days and in the week under consideration. 
Ideally N is sufficiently large so that there are no rainfall effects at all in the water use data 
but the larger N, the fewer data points are available so N is empirically determined such that 
an adequate number of data points are available for fitting the function. 
The heat function is modelling two aspects of seasonal water use, periodic variation through 
time and the response of water use to changes in air temperature during rainless period. 
Other causes of periodic variation in seasonal water use could be expected such as 
variations in solar radiation or the calendar activity of the city which would produce a 
hysteresis effect so that the same temperature observed during Spring and Autumn would 
have a different seasonal water use associated with it. If there is no hysteresis effect, this 
indicates that in the absence of rainfall, air temperature is the dominant variable governing 
seasonal variation in water use especially during the high temperature period. If the 
hysteresis effect is not significant, potential seasonal water use, Wsp can be modelled as a 
linear function of the heat function (Maidment et al. 1985 ): 
Wsp = β0 + β1H1(Td)        Equation 3-11 
According to Maidment et al. (1985), a daily potential water use, Wspt, may be obtained by 
substituting the normal daily air temperature, TN,t, estimated from the long-term records, into 
the heat function for each day of the year. 
Wsp = H (TN,d)         Equation 3-12 
The short memory water use component is then determined by Maidment et al. (1985) as: 
Ws,d = Sd,d – Wspd        Equation 3-13 
One of the first main difficulties involved with Method (1) is the assumption that water use-air 
temperature relationship follows a fixed pattern throughout time. This assumption may be too 
restrictive for daily seasonal water use. For instance, the “hysteresis” relationship (in which 
the same air temperature generates a different water use in Spring compared to the Autumn) 
cannot be modelled by this method. The other difficulty is that it requires a normal daily air 
temperature record, calculated from long-term average data, which is sometimes difficult to 
obtain. 
The second method proposed in the following section is designed to overcome the previously 
mentioned difficulties of the first model. This method yields a functional relationship between 
water use and air temperature and does not require a normal daily air temperature record.  
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Method (2): Fourier Series Potential Seasonal Use  
In this section hysteresis effect is considered significant and a relatively long data set (eg 
more than three years) is available. Thus, potential seasonal use, Wsp, can be represented 
by Fourier series and recent maximum air temperature as proposed by Miaou (1986) and as 
adopted by Zhou et al. (2000). According to Zhou et al. (2000) the Fourier series can 
adequately represent seasonal cycles within a year and its coefficients can be easily 
obtained from the measured data. The seasonal cycle as a Fourier series adopted in their 
study: 
Wsp,d = cd + fdTd        Equation 3-14 
where: 
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d  daily time index, d=1 being 01 January  
cd, fd  intercept and response rate at day, d 
h1, h2  number of harmonics in a year 
n  2π/365 
a, b  Fourier series intercept coefficients 
ā, b  Fourier series response rate coefficients 
Weather Component, Wsc 
The effects of rainfall and air temperature and are then isolated as: 
Wsc(d) = Ws(d) – Wsp(d)  Equation 3-15 
where: 
 d  daily time index  
Wsc  daily water use due to weather component such as rainfall and air 
temperature;  
Ws  daily seasonal use as explained in Equation 3-10;  
Wsp  daily potential seasonal use as explained in Equation 3-14.  
 56
The weather component is regressed against time, daily rainfall or a substitute variable for 
rainfall effects and daily average air temperature. 
Persistence Component, Wsr 
The persistence component as employed in Zhou et al. (2000) represents a short memory 
process. An autoregressive procedure is fitted to the residual time series to account for the 
dependencies of water use on its past values; 
Wsr (d) = φ0 + φ1Ws(d-1)r + φ2Ws(d-2)r + ….+ φtWs(d-t)r Equation 3-16 
where: 
 Wsr  daily water use component that accounts to its past use values;  
d  daily time index;  
φ1, φ2, … φt  coefficients;  
t  order of the autoregressive procedure. 
Short-Memory Water Use, Ws,d 
The following transfer function noise model is formulated for the short-memory water use 
model which has a similar model structure as previously identified by Miaou (1983) and 
Maidment et al. (1985a, 1985b): 
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where: 
sW   level component of short-memory series model 
T  transformed daily average air temperature 
R  daily rainfall or a substitute variable for rainfall effects 
a  independent normal random variable of zero mean and variance σa2 
i  index for the season of the year or the range of a variable 
ω0, ω1, δ1 transfer function coefficients 
φ1, φ2, φ7 autoregressive coefficients of noise model 
B  backshift operator 
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Performance Evaluation Criteria 
Model performances are evaluated according to SE, and R2. A favourable model is the one 
with high R2, but low residual standard error. All parameters considered in this study are 
tested on its statistical level of significance by its P-value. The P-value is the smallest level of 
significance at which the parameter is significant (Devore 1990). Conventionally (and 
arbitrarily) a p-value of 0.05 (5%) is generally regarded as sufficiently small. The 5% value is 
called the significance level of the test (Campbell and Machin 1999). In this study, a P-value 
lower than 0.05 is considered statistically significant. 
3.5. Summary 
This chapter discusses the methodology adopted in this study in order to meet the objectives 
set in Section 1.2 and based on the literature review on current and previous studies on end 
use data and on residential water demand data as presented in Chapter 2. 
End Use Data Analysis and Modelling  
The aim of the methodology adopted for end use data analysis is to be able to answer the 
questions of how, how much, where and when water is used in the single family home.  
YVW selected the households to be surveyed and logged for February 2001, February 2004 
and August 2004. Data logger attached to residential water meter was installed in each of the 
participating households adopting the methodology in the REWS study (Mayer et al. 1999) to 
enable the data to be disaggregated into individual end uses. The households monitored in 
February 2001 were logged at 1-minute intervals for two weeks while the households 
monitored in February 2004 and August 2004 were logged at 5-second intervals. 
Participating households in Feb 2001 monitoring were asked to keep a diary to record the 
approximate time and duration of their water usage for toilets, showers, laundry, and 
gardens. Using the logged data and the diary of each corresponding household the water 
usage for each major end uses of water was identified and disaggregated manually.  
While the disaggregation of major end uses of water for Feb 2001 monitoring was 
undertaken by the author, YVW contracted a US company to disaggregate the end use data 
collected in February 2004 and August 2004, into major end uses of water due to the time 
involved of analysing them manually and locally. The US Company used computer software, 
Trace Wizard which read the flow data and disaggregated them into individual water use 
events.     
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The disaggregated end use data were then analysed after obtaining from YVW to determine 
the average daily household water use, the average daily household use for outdoor, indoor 
and leakage and for each component of indoor use and outdoor use. The major component 
of indoor use included water used for toilets, showers, baths, indoor spa, laundry, 
dishwashers, taps, coolers and those that could not be assigned any specific use category 
during the analysis while the outdoor use was mostly for garden watering.  
Survey questionnaires were developed and implemented by YVW to obtain data on possible 
variables that would explain fundamental relationships of water use. The questions asked 
about the household demographics, approximate household income, lifestyle characteristics 
such as the ownership of a pool and irrigation habits, and type of water using fixtures present 
in the household. A copy of the questionnaire is attached in Appendix 1. 
The survey questionnaires were then collected by YVW staff and were given to the author to 
be used in this study. This survey information, water usage and climate data were used to 
develop analytical tools and relationships to explain water use in an urban single family 
residential home in Melbourne, Australia in this study.  
As an application of this study, potential water savings from using water efficient appliances 
were estimated. This would be beneficial in assessing the effectiveness of some water 
conservation programs. The estimates of possible water savings were calculated by 
comparing water usage between households with water efficient appliances and those with 
not. 
Another application of this study was the development of end use models based on the end 
use analysis undertaken. A residential indoor water use estimation computer program (Java 
Applet) and a GIS-based residential indoor water use model were developed based on the 
end use models.    
Water Supply Distribution Zone Data 
The objective of the methodology for water supply distribution zone data was to develop a 
daily urban residential water demand model (Section 1.2). YVW provided daily data recorded 
from January 1991 to March 2001 and daily data recorded at half-hourly intervals for the 
months of January and July from 1991 to 2001 of the East Doncaster water supply 
distribution zone. 
Basic statistical analysis was undertaken for all the daily data over the 10-year period and 
demand profiles from half-hourly data of both January and July were developed. Analysis on 
how rainfall and temperature influence daily urban residential water use including the effects 
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of significant increase in temperature, of consecutive hot days and of significant rainfall are 
also undertaken. 
The daily urban residential water demand model developed in this study was based on the 
postulates by Maidment and Miaou (1985) that a daily urban water series consist of three 
major components; base use, potential seasonal use, and short-memory (or irregular) use. 
Each component may be subjected to trend and/or seasonality.  
Base use is defined as the portion of water use (mainly indoor use) that is insensitive to 
climatic conditions and is typically characterised by the winter use from May to September as 
in East Doncaster, Victoria, Australia. The variations of base use through time are mainly due 
to the changes of socio-economic factors such as population or number of customers.  
The base use model employed statistical regression to estimate water use trend as adopted 
by Miaou (1983) and Maidment and Parzen (1984a, 1984b) and a more general model 
framework by Miaou (1990), which allowed both base use and seasonal use to be weather-
dependent. Base use was regressed against temperature and rainfall because some studies 
indicate that winter use can be quite weather sensitive in some areas, as in Florida, USA 
(Gibbs 1978), southern California, USA (Miaou 1987) and in a city like Melbourne with long 
dry cold spells (Gato et al. 2003).  
An estimated seasonal water use is then obtained by subtracting an equivalent trend on daily 
basis, from daily water use. This portion of water use is mainly outdoor water use and has 
strong seasonality due to air temperature and rainfall. Adopting the postulates suggested in 
the daily water use study by Maidment et al. (1985), seasonal use is hypothesized to have 
two components, one that varies smoothly over the year with normal air temperature and 
another, which represents the short memory residuals. Two deseasonalisation models are 
discussed in this chapter.  
The first model assumed that in modelling seasonal variation there is a functional relationship 
between water use and temperature, which is valid in the absence of rainfall (Maidment et al. 
1985). The potential seasonal water use was defined to be the seasonal use when normal air 
temperature and no rain rainfall occur (Miaou 1983). The potential seasonal use was 
estimated using a heat function, which is modelling two aspects of seasonal water use, 
periodic variation through time and the response of water use to changes in air temperature 
during rainless period. A daily potential water use is then obtained by substituting the normal 
daily air temperature, into the heat function for each day of the year.  
The second method is designed to overcome the difficulties of the first model as mentioned 
in Section 3.4.2. This method yields a functional relationship between water use and air 
temperature. The hysteresis effect is considered significant and a relatively long data set (eg 
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more than three years) is available thus, potential seasonal use, is represented by Fourier 
series and recent maximum air temperature as proposed by Miaou (1986). 
The short memory water use component is then determined using a transfer function noise 
model which has a similar model structure as previously identified by Miaou (1983) and 
Maidment et al. (1985a, 1985b).  
The performances of all models developed in this research are evaluated according to SE 
and R2. A favourable model is the one with high R2, but low residual standard error. All 
parameters considered in this study are tested of its statistical level of significance. A P-value 
lower than 0.05 is considered statistically significant 
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Chapter 4.  End Use Data Analysis 
This chapter presents some of the fundamental findings from the end use data analysis part 
of the study. These findings provide some information about how, how much, where and 
when water is used in the single-family home which reveals unique details of human 
behaviour ranging from the ordinary (how many loads of laundry a family does per week) to 
the more personal (how long do people spend in the shower). Specifically, these include the 
average litres per capita per day (Lpcd) used for different water using appliances, the 
frequency and intensity of their use, and the variability of water use in single-family homes. 
Analyses are presented for each of the participating households across Greater Melbourne 
(Figure 4-1) in the three logging periods; Feb 2001, Feb 2004 and Aug 2004 and for the 
pooled sample of all households during these three periods. This study did not set out to 
estimate national “averages” of residential water use, and this sample was not selected to be 
representative of the entire Melbourne and Victoria. 
The three logging periods represent the water use before and after the water restrictions in 
Melbourne (2001 and 2004) and the water use during summer and winter (Feb 2004 and 
Aug 2004). The discussions of the results follow the order shown in Figure 4-2. 
 
Figure 4-1. Location of the Households Logged in 2001 (Blue) and in 2004 (Red) 
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Figure 4-2. Outline of the Discussion of the End Use Data Analysis 
4.1.  Average Daily Water Use per Household  
The following sections provide summaries of the average daily water use per household 
without any attempt to normalise the results on the basis of number of occupants or other 
variables from the survey. From the standpoint of the water authority, they represent an 
important way of looking at demands, since the basic unit of water service is the household 
account. 
4.1.1. Average Daily Total Water Use per Household  
Using Equations 3-1 and 3-2, the average daily total water use per household for the three 
periods of monitoring was calculated as 687Lphd (1023, 758 and 503Lphd for Feb 2001, Feb 
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2004 and Aug 2004 respectively). The medians and standard deviations are also presented 
in Table 4-1.  
Table 4-1. Average Daily Total Water Use per Household (Feb 2001; Feb 2004; Aug 2004) 
Period of Study HH Average (Lphd) Median (Lphd) Standard Deviation (Lphd) 
Feb 2001 24 1023 888 606
Feb 2004 93 758 661 446
Aug 2004 80 503 432 270
 
A reduction of around 26% (1023 vs 758Lphd) in average daily water usage per household 
was observed in summer 2004 compared with summer 2001 and this could be attributed to 
water restrictions in place during 2004. The average winter consumption of 2004 is 34% (758 
against 503Lphd) lower than the summer consumption of the same year which was due to 
garden watering.    
The average daily water use per household in this study for Feb 2001, Feb 2004 and Aug 
2004 were lower compared to the Perth study (Loh et al. 2002) (1023, 758 and 503Lphd 
against 1259Lphd). The Perth study was done over the whole year while this study was 
taken on seasonal basis; but the results from the monitoring conducted in both Feb 2001 and 
2004 were still lower than the Perth value considering that these were summer periods 
(Table 4-1). This could be due to climatic differences between two States.  
The February results of 1023 and 758Lphd both in 2001 and 2004 were higher than what 
was reported in the Water Resources Strategy for Greater Melbourne (2002) of 658Lphd. 
This study was conducted during the summer period and although water restriction was in 
place during the monitoring in 2004, garden water usage was higher resulting in higher total 
household use. Using the average of summer and winter consumption for 2004, the 
calculated average daily use per household is 630Lphd which is comparable to what was 
reported in the Water Resources Strategy for Melbourne (2002).  
Of the total (25) households monitored during the Feb 2001 monitoring (09 Feb – 02 Mar 
2001), one had an average daily use of over 5000Lphd due to a pipe burst during the second 
week of monitoring. Thus this household was excluded in the calculation of the average daily 
household use for the Feb 2001 monitoring (Figure 4-3). It could be noted that most (21 or 
88%) of surveyed households used less than an average of 2000Lphd and 14 households 
(58%) used less than 1000Lphd. Two of the houses have an average of more than 2000Lphd 
during the three weeks of monitoring because of enormous garden watering demands.   
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Of the 100 households surveyed for the 10 Feb – 04 Mar 2004 monitoring, only 93 
households were logged. The great variation from one household to another household could 
be attributed to household size, irrigation practices, and to ownership and type of water using 
appliances. The calculation revealed that only one household exceeded the 2000Lphd and 
this was due to high garden water usage (Figure 4-4). Only a quarter (23 or 25%) of 
surveyed households used an average between 1000-2000Lphd and 74% households (69 
households) used less than 1000Lphd.  
Of the 93 households monitored in Feb 2004, 80 households were logged again from 01 to 
20 Aug 2004 to determine their winter consumption. Most of the households (95%) have an 
average daily total household use of less than 1000Lphd and only four households exceeded 
with an average of less than 1200Lphd. 
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Figure 4-3. Average Daily Water Use, 24 households (Feb 2001) 
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Figure 4-4. Average Daily Water Use, 93 households (Feb 2004) 
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Figure 4-5. Average Daily Water Use, 80 Households (Aug 2004) 
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4.1.2. Average Daily Water Use Per Capita 
The average per capita water use for each surveyed home was calculated using the daily 
water use obtained from the logger data and the reported number of residents from the 
survey questionnaires. The calculated average daily water use per capita for the three 
periods was 240Lpcd (398Lpcd, 260Lpcd and 168Lpcd for Feb 2001, Feb 2004 and Aug 
2004). Other basic statistics are shown in Table 4-2. 
Table 4-2. Basic Statistics for Average Daily Water Use per Capita (Feb 2001; Feb 2004; Aug 
2004) 
Period of 
Study 
Person
s 
Average 
(Lpcd) 
Median 
(Lpcd) 
Std Dev 
(Lpcd) 
Minimum 
(Lpcd) 
Maximum 
(Lpcd) 
Feb 2001 78 398 278 360 100 1732
Feb 2004 304 260 208 184 35 1278
Aug 2004 259 168 150 96 34 748
 
A reduction of around 35% (398 vs 260Lpcd) in average daily water use per capita was 
observed in 2004 monitoring as compared to 2001. The 2004 winter average also has a 
reduction of 35% (260 vs 168Lpcd) as compared to 2004 summer average. 
In the Feb 2001 monitoring, two households had the highest daily per capita water use (1732 
and 1043Lpcd) and standard deviation (1114 and 1026Lpcd). These two households are the 
same households with the highest average total daily water use due to excessive leakage 
and enormous garden watering during the logging periods (Table B-3). 
In the Feb 2004 monitoring, the three households with the highest daily per capita water use 
(1278, 793 and 702Lpcd) are households with smaller household size (1 and 2) thereby the 
per capita consumption is higher in irrigation, tap usage, clothes washer, dishwasher, 
showers and toilets (Table B-1). This would mean that there is per capita savings in 
household usage as household size increases. 
In Aug 2004 monitoring, the household with the highest average daily water use per capita 
(748Lpcd) due to high leakage and uses considered as “others or unknown” is also a one-
person household. The household with the second highest daily water use per capita of 
386Lpcd was due to shower usage.  
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4.2. Components of Daily Water Use per Household 
The components of daily water use for this study include outdoor use, indoor use and 
leakage. For 2001 and 2004 monitoring, the major component of the average daily water use 
per household is indoor use followed by outdoor use, and leakage except in winter 
monitoring in 2004 where there was no outdoor component. This is due to 11 days of rainfall 
during this 14 days monitoring period. Details are shown in Figure 4-6 and in Table 4-3. 
The percentage of indoor water usage to total daily usage per household has increased from 
47% in Feb 2001 to 67% in Feb 2004 then to 92% in Aug 2004 (Table 4-3). This is due to the 
drop in daily outdoor use from 47% of the total water consumption in Feb 2001 to 28% in Feb 
2004 and 0% in Aug 2004 which could be attributed to the water restrictions imposed by 
water authorities in Melbourne in 2004 which eventually resulted to low percentage of 
outdoor use. However, the average volume of indoor water use per household is almost the 
same for all three periods of monitoring which means that the water restrictions imposed did 
not result to reduction or significant reduction if any in indoor water use.  
The percentage of leakage to the daily total water use per household in the three periods of 
monitoring is comparable, but higher than the Perth study (Loh, et al, 2002). 
Table 4-3. Comparison of the Components of Total Daily Water Use (Feb 2001; Feb 2004; 
Aug 2004) 
Feb 2001 Feb 2004 Aug 2004   Water 
Resources 
Strategy 
Perth Study Component 
Lphd %to 
Total 
Lphd %to 
Total 
Lphd %to 
Total 
Lphd %to 
Total 
Lphd %to 
Total 
Indoor 482 47 506 67 464 92 428 65 523 42
Outdoor 476 47 216 28 0 0 230 35 707 56
Leaks 65 6 36 5 39 8  29 2
Total 1023 100 758 100 503 100 658 100 1259 100
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Figure 4-6. Comparison of Components of Daily Total Water Use (23HH-Feb 2001; 93HH-Feb 
2004; 80HH-Aug 2004) 
 
4.2.1. Indoor Water Use 
Average Daily Indoor Water Use per Household 
The indoor use in this study included water used for toilets, showers, baths, indoor spa, 
washing machines and those classified as “others”. The "others” category includes water use 
for dishwashers, taps, coolers and those that could not be assigned any specific use 
category during the analysis process. The data collected in 2004 monitoring was 
disaggregated by Trace Wizard that made it possible to separate water use further for taps, 
dishwashers and coolers. 
The average daily indoor use per household for the three periods of monitoring was 486Lphd 
(482, 506 and 464Lphd for Feb 2001, Feb 2004 and Aug 2004 respectively). Other basic 
statistics calculated are shown in Figure 4-7. The figure also revealed that the average daily 
indoor use for each of the three monitoring periods have similar behaviour with a number of 
households having an average daily consumption above 960Lphd, and majority of the 
households below 800Lphd. 
 69
The highest observed average daily indoor use per household in Feb 2001 monitoring was 
1283Lphd while the average daily indoor use for most of the houses (22 houses) was below 
800Lphd (Figure 4-7). In Feb 2004 monitoring, three households had average daily indoor 
uses above 1200Lphd (1424Lphd, 1231Lphd and 1209Lphd) and this could be attributed to 
high water usage for clothes washers, and evaporative coolers for the first and third 
households. The average daily indoor use for most of the houses (81 houses) was below 
800Lphd (Figure 4-7). In Aug 2004, the higher consumption of the three households with the 
highest average daily indoor use of 995, 979 and 970Lphd could be attributed to the 
household size, the highest has a household size of 6 and the remaining two households are 
both 5. 
A comparison of studies conducted on indoor uses showed that the average daily indoor use 
per household in this study is slightly lower than that of Perth study (486 vs 523Lphd) but 
higher than what was reported in the Water Resources Strategy (2002) of 427Lphd. The 
Perth study was conducted for a longer duration covering both summer and winter periods 
while this study was conducted only for two weeks during the summer periods of 2001 
(482Lphd) and 2004 (506Lphd) and winter 2004 (464Lphd).  
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Figure 4-7. Comparison of Average Daily Indoor Water Use per Household (23 HH-Feb 2001; 
93 HH-Feb 2004; 80HH-Aug 2004) 
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Average Daily Indoor Water Use Per Capita  
The daily indoor water use per capita was calculated for each individual surveyed home 
using the daily indoor water use obtained from the logger data during the monitoring period 
and the reported number of residents from the survey questionnaires.  
The average daily indoor use per capita for the three periods of monitoring is 159Lpcd (152, 
166 and 152Lpcd for Feb 2001, Feb 2004 and Aug 2004 respectively). Other basic statistics 
namely median and standard deviation are shown in Figure 4-8. In all three periods of 
monitoring, the households with highest daily indoor use per capita are one-person 
households. The similarities of average daily indoor use per capita for the three periods of 
monitoring suggest that the water restriction in 2004 or the winter period in 2004 did not have 
an effect in water consumption. 
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Figure 4-8. Comparison of Average Daily Indoor Water Use per Capita (24HH-Feb 2001; 93HH-
Feb 2004; 80HH-Aug 2004) 
Components of Daily Indoor Water Use per Household  
The data set developed for this study made it possible to separate the water usage per day 
for each water using appliances such as toilets, showers and baths, and washing machines 
in each surveyed home manually (Feb 2001) and by Trace Wizard (Feb and Aug 2004). 
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Using Equations 3-3 and 3-4, analysis of the disaggregated data revealed that showers and 
baths were the largest component of indoor water use in all three periods of monitoring 
accounting for 35% of the average total indoor water use. Water used for washing machines 
and those categorised as “others” are both 24%, while water used for toilet flushing comes in 
last at 16%. Details for each period of monitoring are shown in Figure 4-9 and Table 4-4.  
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Figure 4-9. Comparison of Components of Average Daily Indoor Water Use (23HH-Feb 2001; 
93HH-Feb 2004; 80HH-Aug 2004) 
Table 4-4. Comparison of Components of Daily Indoor Water Use per Household (Feb 2001; 
Feb 2004; Aug 2004) 
Aug 2004 Feb 2004 Feb 2001 Water 
Resources 
Strategy 
Perth Study Component 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Showers & 
Bath 
161 35 159 31 200 43 40 171 33
Washing 
Machines 
127 27 129 26 90 19 15 139 27
Toilet 83 18 96 19 50 11 19 112 21
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Aug 2004 Feb 2004 Feb 2001 Water 
Resources 
Strategy 
Perth Study Component 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Lphd % to 
Total 
Others 95 20 121 24 120 27 5 101 19
Tap 
Coolers 
Dishwashers 
Unknown 
65 
- 
11 
19 
14 
- 
2 
4 
92 
18 
9 
3 
18 
4 
2 
1 
 83 
 
 
18 
16 
 
 
3 
Total 466 100 506 100 460 100 79 523 100
 
Components of Indoor Water Usage per Capita 
On a per capita basis (Figure 4-10), a pattern similar to the components of indoor water 
usage per household was observed in all the three periods of monitoring. Water used for 
showers and baths were the largest component of indoor use per capita for each household 
accounting for 36% of total indoor water use per capita, clothes washing and “Other uses” 
are both at 24% and toilet flushing comes in last at 17%.  
4.2.2. Outdoor Water Use 
The outdoor water use considered in this study composed of water used for garden watering, 
pools and those categorised as “other outdoor”. There was no recorded outdoor water usage 
in Aug 2004 monitoring due to 11 days of rainfall during the 14-days monitoring period. 
The average daily outdoor use per household for the two periods of monitoring is 269Lphd 
(476 and 216Lphd for Feb 2001 and Feb 2004 monitoring respectively). There is a reduction 
of around 55% in average outdoor water usage per household in Feb 2004 from Feb 2001 
average due to water restrictions in place in 2004.    
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Figure 4-10. Comparison of the Average Daily Indoor Water Use per Capita (24HH-Feb 2001; 
93HH-Feb 2004; 80HH-Aug 2004) 
 
4.2.3. Leaks 
One of the limitations in the analysis of this study was the difficulty in determining the exact 
source of the leakage in each study house. During the analysis of the logged flow data, it 
became apparent that continuous flow occurred after usage classified as others and in a 
couple of houses, leakage followed after garden watering. Lacking an adequate method to 
apportion leaks between indoor and outdoor uses, it was decided that leakage be 
categorised separately with that of the indoor and outdoor use. 
A histogram of the average daily leakage measured from each of the 24 households 
monitored in Feb 2001 revealed that a small number of houses (11 houses) were responsible 
for the majority of leakage (Figure 4-11 and Table B-17). While the average daily leakage per 
household was 89.11Lpd it varied from 3.96Lpcd to 193.95Lpcd, the standard deviation was 
160.27 indicating that most of the houses (13 houses) logged did not have any leakages 
during the monitoring period. The median leakage rate per household was zero. A quarter of 
the surveyed households leaked an average of 145.5Lpd, but 17% of the homes leaked an 
average of more than 291Lpd. Saying it another way, 17% of the homes logged were 
responsible for 78% of the leaks found.  
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Leakage accounted for 29.15% of average daily use in the house with the highest average 
daily water use. The top three households in terms of mean daily leakage per capita 
averaged 119.25Lpcd compared with 24.66Lpcd for the entire 24 homes logged. These three 
households were also among the households with the highest overall daily per capita use, 
indicating to what extent leaks can contribute to daily water use patterns. 
All of the 93 logged houses leaks during the monitoring period in Feb 2004 varying from 
0.1Lpm to 709Lpm with duration from 5sec to over two days. The daily average leakage was 
calculated as 36.09L with a median of 5.36L and a standard deviation of 104.24L. A higher 
standard deviation indicates that there are households that have higher leakage (Figure 
4-11). Fifteen percent (14 households) of all households leaked over 40Lpm. The daily 
average duration was estimated as 2.65hours with a median of 0.68hours and a standard 
deviation of 5.18hours. 
The average daily leakage accounted for 25% to 53% of the average daily total water use in 
the three households with the highest daily leakage. 
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Figure 4-11. Comparison of Average Daily Leakage per Household (Feb 2001-24 HH; Feb 2004-
93 HH) 
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4.3. Major End Uses of Water 
4.3.1. Indoor Water End Uses 
The following section presents the results of the survey conducted in 2001 for 24 YVW staff 
and for 99 households in 2004 and the results of analysis for each major end uses of water. 
There was only one survey conducted in 2004 since the sample households in Feb 2004 
were the same as that of August 2004. The reduction in number of logged houses in Aug 
2004 (80 houses) from Feb 2004 (99 houses) was due to some malfunctioning of data 
loggers.  
Toilets 
According to survey results of the households in two periods of monitoring, there was an 
average of 1.8 toilets per household (2.08 and 1.75 for 2001-24HH and 2004-99HH 
respectively). These toilets were either single flush or dual flush toilets with cisterns’ 
capacities ranging from 6L to 12L for single flush and 6/3L to 9/4.5L and 11/6L for dual flush. 
In both periods of monitoring, majority (50% for 2001 and 68% for 2004) of the households 
owns dual flush toilets (Table 4-5).  
Of the 24 households surveyed in 2001, seven owned single flush toilets, 12 owned dual 
flush toilets and five owned both single and dual flush toilets. However, one owner reported 
to have a pipe intake reducer in his single flush toilet thereby reducing the capacity from 9L 
to 4.5L. Another resident also reported to have lowered the ball in one of his single flush 
toilet cisterns. These households were then considered as owning dual flush toilets.  
Of the 99 households surveyed in 2004, 68% owns dual flush toilets, 17% owns single flush 
toilets and the remaining 15% owns both dual and single flush toilets (Table 4-5). Dual flush 
toilets are dominated by 9/4.5L while single flush toilets are mostly 9L. Six households 
having older type toilets (12L, 11L, 11/6 and 9/4.5) reported to have the flush volumes 
reduced by some control devices.   
Table 4-5. Toilet Type and Ownership (Feb 2001; Feb 2004) 
2001 Monitoring 2004 Monitoring Toilet Type 
No of HH % to Total No of HH % to Total 
Dual Flush : 
11/6L 
9/4.5L 
6/3L 
12 50 67 
17 
23 
19 
68
17 
23 
19 
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2001 Monitoring 2004 Monitoring 
combined 8 8 
Single Flush: 
6L 
9L 
11L 
12L 
13L 
7 29 17 
- 
8 
7 
1 
1 
17
- 
8 
7 
1 
1 
Others 5 21 15 15
Total 24 100 99 100
 
A total of 32,972 toilet flushes were recorded for the three periods of monitoring in this study 
yielding an average toilet flush volume of 6.9 litres per flush (Lpf) (5.2, 7.6 and 6.3Lpf for Feb 
2001, Feb 2004 and Aug 2004 respectively) (Figure 4-12). Of the total number of recorded 
flushes, majority (69%) comes from dual flush toilets, 15% were from single flush toilets, and 
16% from combined single and dual toilets households. The distribution of toilet flushing 
volumes of all recorded flushes found revealed that the majority of flushes are within the 3 
and 7.5Lpf range indicating that the data logged group contains a significant number of dual 
flush toilets (Figure 4-12). This could be expected since the majority of the toilets owned are 
dual flush toilets. Toilet flush volumes over 10.5Lpf are single flush toilets with cistern 
capacities of 11L and above from households logged during 2004 monitoring. 
The diaries of water usage during Feb 2001 monitoring enable the data to be analysed for 
half or full flush from dual flush toilets and for single flush toilets. Of the total number of 
flushes, 49% are from half flush toilets, 34% from full flush toilets and 17% from single flush 
toilets (Table B-9). Two houses with single flush toilets had the highest daily average toilet 
flush volume.  
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Figure 4-12. Comparison of Toilet Flush Volumes (24HH-Feb 2001; 93HH-Feb 2004; 80HH-
Aug2004) 
Analysis of toilet types for households with single flush, dual flush or with both single and 
dual flush toilets during the Feb 2004 monitoring revealed that the average flush volumes of 
single, dual and with combined single and dual flush toilets were 9.94, 6.96, and 8.32Lpf 
respectively with standard deviations of 2.39, 2.95 and 4.02Lpf (Figure 4-13). Most of the 
flushes are from 9/4.5L with most of them a full flush and this could be expected since most 
of the households own 9/4.5L toilets. For single flush toilets, most flushes are from 11L. It 
could also be noted that around 10% of the total recorded flushes are above the 12L range 
which is the maximum capacity of the toilet’s cistern surveyed. This is in contrast to YVW 
report (Roberts 2004) that the average actual flush volumes were found to be 9% lower than 
the design specification of the toilet. This could be the result of double flushing (flushing 
twice in one usage) or leaking toilets. Double flushing are required in 3.7% of toilets surveyed 
and 5% of these are from 11L single flush toilets which could be attributed to the age of the 
toilets (Roberts 2004). It was also reported that 2.3% of toilets were leaking. The households 
with the highest daily average toilet flush volumes all have single flush toilets with capacities 
from 11L to 13L.  
During the Aug 2004 monitoring, the average flush volumes of single, dual and combined 
single and dual flush toilets were 7.44, 5.89, and 6.58Lpf respectively which are lower 
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compared to Feb 2004 (Figure 4-14). Most of the flushes are from dual flush toilets (9/4.5L) 
with most of which are half flush. Ten percent of the single flushes are over 12Lpf which are 
due to older type toilets with capacities of 11L to 13L. 
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Median Toilet Flush Volume = 9.92lpf
Std Deviation = 2.39lpf
Dual Flush Toilets:
Recorded Number of Toilet Flush = 12269
Average Toilet Flush Volume = 6.96lpf
Median Toilet Flush Volume = 6.36lpf
Std Deviation = 2.95lpf
Both Types:
Recorded Number of Toilet Flush = 2974
Average Toilet Flush Volume = 8.32lpf
Median Toilet Flush Volume = 8.27lpf
Std Deviation = 4.02lpf
 
Figure 4-13. Frequency Distribution of Toilet Flush Volume per Toilet Type, 93 Households 
(Feb 2004) 
 
Detailed analysis of the average volume used for each type of toilet revealed that the 
average volume for all dual flush toilets did not exceed the design specification of the full 
flush volume except 6/3L toilet during the Feb 2004 monitoring (Table 4-6, Figure 4-15, 
Figure 4-16, Figure 4-17, Figure 4-18). Single flush and older type toilets also did not exceed 
their specified capacities during the Aug 2004 monitoring except for 9L and 11L toilets having 
average flush volumes of 9.11 and 11.11Lpf during the Feb 2004 monitoring. The results of 
this analysis confirm Roberts (2004) report that the measured flush volumes of the toilets in 
2004 study are lower than the design specification of toilets. However it is also interesting to 
note that the average volume per flush of all toilet types in this analysis are higher in Feb 
2004 monitoring than the Aug monitoring. These discrepancies could be due to error in 
calibration between the two monitoring periods, parameters set in the Trace Wizard during 
the disaggregation of data, or due to effect of temperature in data loggers. 
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Single Flush Toilets:
Recorded Number of Toilet Flush = 2352
Average Toilet Flush Volume = 7.44lpf
Median Toilet Flush Volume = 7.32lpf
Std Deviation = 3.30lpf
Dual Flush Toilets:
Recorded Number of Toilet Flush = 9198
Average Toilet Flush Volume = 5.89lpf
Median Toilet Flush Volume = 5.28lpf
Std Deviation = 2.75lpf
Both Types:
Recorded Number of Toilet Flush = 2317
Average Toilet Flush Volume = 6.58lpf
Median Toilet Flush Volume = 5.03lpf
Std Deviation = 4.77lpf
 
Figure 4-14. Frequency Distribution of Toilet Flush Volume per Toilet Type, Aug 2004-80HH 
 
Results from this study also indicate that toilets do not always flush in neat intervals like 3, 6, 
or 9Lpf. A toilet rated to flush at 3 and 6Lpf or 4.5 and 9Lpf will sometimes use other amount 
of water for a dual flush or single flush, even when the toilet is new. As reported by Mayer et 
al. (1999) the toilet flush volume can be affected by some means of modifications such as 
new flapper valves, toilet dams, displacement devices, and float valve adjustments (Webster 
et al. 1998 and Babcock 1999). Other studies have also found that each toilet is different, 
even if they are the same make and model (Honold and Ewald 1994 and DeOreo et al. 
1996c). Further research on the actual flush volumes of toilets in the field is warranted given 
the variability found in this study and the potential impact of modification to dual flush toilets 
to water planning scenarios. 
 
Table 4-6. Average Volume of Water Used per Toilet Type (Feb 2004; Aug 2004) 
Feb 2004 Aug 2004 Toilet 
Type No of No of  Ave.  No of No of  Ave. 
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HH Flushes Volume/Flush HH Flushes Volume/Flush 
Dual Flush: 
11/6L 17 4011 8.16Lpf 14 2704 6.70Lpf
9/4.5L 21 3799 6.54Lpf 20 3405 5.95Lpf
6/3L 16 2439 6.25Lpf 16 1933 5.32Lpf
Single Flush: 
9L 8 1290 9.11Lpf 7 947 7.47Lpf
11L 6 704 11.11Lpf 5 880 7.26Lpf
12L 2 195 11.27Lpf 2 333 7.39Lpf
13L 1 137 8.56Lpf 1 192 8.22Lpf
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Figure 4-15. Comparison of Average Toilet Flush Volume from Dual Flush Toilets (6/3L, 9/4.5L 
& 11/6L) Feb 2004 
 81
0%
5%
10%
15%
20%
25%
30%
2 3 4 4.5 5 6 7 8 9 10 11 12 13 14 15 16 17 More
Average Toilet Flush Volume (lpf)
Pe
rc
en
ta
ge
 to
 T
ot
al
 N
um
be
r o
f T
oi
le
t 
Fl
us
he
s
0%
20%
40%
60%
80%
100%
120%
C
um
ul
at
iv
e 
Pe
rc
en
ta
ge
 to
 T
ot
al
 
N
um
be
r o
f T
oi
le
t F
lu
sh
es
Percentage_6/3L Percentage_9/4.5L Percentage_11/6L
Cumulative Percentage_6/3L Cumulative Percentage_9/4.5L Cumulative Percentage_11/6L
 
Figure 4-16. Comparison of Average Toilet Flush Volume from Dual Flush Toilets (6/3L, 9/4.5L 
& 11/6L) Aug 2004 
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Figure 4-17. Comparison of Average Toilet Flush Volume from Single Flush Toilets (9L, 11l, 
12L & 13L), Feb 2004 
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Figure 4-18. Comparison of Average Toilet Flush Volume from Single Flush Toilets (9L, 11l, 
12L & 13L), Aug 2004 
Toilet Utilisation per Capita per Day 
The calculated average toilet flush per capita per day (fpcd) for the three periods of 
monitoring was 4.2 and this corresponds to 29Lpcd for toilet flushing. Details for each period 
of monitoring are shown Table 4-7. 
Table 4-7. Toilet Flush per Capita per Day (fpcd) and Litres per Toilet Flush per Day (Lpcd) 
(Feb 2001; Feb 2004; Aug 2004) 
Toilet Flush per Capita per Day (fpcd) Litres per Capita per Day (Lpcd) Period 
Average Median Standard Deviation Average Median Standard Deviation 
Feb 2001 3.26  1.52 16.5  7.03
Feb 2004 4.21 4.13 2.43 32.86 27.39 24.27
Aug 2004 4.37 3.85 2.30 28.30 24.52 15.74
 
The Feb 2001 monitoring yielded an average of 236 flushes per day, 80 from full flush toilets, 
116 from half-flush toilets and 41 from single flush toilets. Of the average 3.26 flushes per 
capita per day 2.66fpcd were from single flush toilets, 1.44fpcd from full flush toilets and 
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2.06fpcd from half-flush toilets (Table B-9). Correspondingly, the mean toilet usage per 
capita of 16.5Lpcd were 9.62 from full flush toilets; 6.73 from half flush and 18.8 from single 
flush toilets and of the standard deviation of 7.03Lpf, 5.71 from full flush; 4.80 from half flush 
and 8.37 from single flush toilets (Table B-13).  Two households had the highest mean daily 
per capita toilet water use, one has a single flush toilets and the other has dual flush toilets 
and only a one-person household. The highest toilet usage could mean an additional person 
or visitor during the monitoring period.  
The calculated average number of toilet use per capita per day of 4.21 and 4.37 in Feb 2004 
and Aug 2004 monitoring was higher than what the average respondents’ thought they 
flushed their toilets in the survey of 3.7 times per capita per day. The household with the 
highest number of toilet use per capita per day during Feb 2004 monitoring period (almost 22 
times) is a one-person household and this household comes in third highest in Aug 2004 
monitoring (almost nine times). The next two houses with the highest number of toilet use per 
day (8 and 9.35 times) were both two-adult households. One of these households comes in 
second highest in Aug 2004 monitoring. These top three households all owned dual flush 
toilets. The household with the highest number of toilet use per day (more than 18 times) in 
Aug 2004 monitoring is a one-person household with 12L single flush toilet. The reason for 
high number of toilet usages in these small size households could be due to guests staying 
in the house during the monitoring period or a party in the household. All the households with 
the highest volume for toilet usage per capita in both Feb and Aug 2004 monitoring are all 
one-person household and own single flush toilets except for one with dual flush toilets. 
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Average No. of Toilet Use per Capita per Day = 4.4
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Figure 4-19. Frequency of Toilet Use per Day, 93 Households (Feb 2004) 
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Showers 
Shower Volume 
A total of 6187 individual shower events were recorded in the three periods of monitoring and 
it was found that each shower used an average volume of 63.34L which resulted to an 
average of 152Lphd for shower purposes. Details of the average shower volume for each 
period of monitoring are presented in Figure 4-20. 
In Feb 2001 monitoring, the distribution of shower volume shows that 63.4% of shower 
events used between 32 and 79 litres of water per event.  
In Feb 2004, around 71% of the shower volume recorded are equal or below 75L and around 
1.3% is above 180L. The three households with the highest volume used for shower has a 
household size of 5 and over and mostly composed of adults. 
In Aug 2004, around 70% of the shower volume recorded are equal or below 75L and around 
1.5% is above 180L.  The three households with the highest shower volume has a household 
size of 4 and over and mostly composed of adults. 
Shower Duration 
Of all recorded shower events during the three periods of monitoring, each shower has an 
average duration of 7.55 minutes which is higher than the average of the survey results 
(6.2min). Details of the average shower duration for each monitoring period are shown in 
Figure 4-21. 
The distribution of shower durations for all recorded shower events in Feb 2001 revealed that 
75.9% of all showers were between 3 and 9 minutes in length. Less than 2% of all recorded 
showers were longer than 15 minutes in duration.  
Of all the showers recorded in Feb 2004, the average shower duration was higher than the 
calculated average in Feb 2001 monitoring. This indicates that water restrictions imposed in 
2004 does not have an effect on shower duration. Around 75% of the showers recorded are 
within 1.5 to 9min duration and less than 7% were longer than 15min duration. One 
household has duration of over one hour (Figure 4-21). 
The calculated average shower duration based on the recorded shower events in Aug 2004 
was almost similar to Feb 2004 which means that people stay in the shower at the same 
duration during winter and summer. Around 73% of the showers recorded are 9min and 
below, and less than 6% were longer than 15mins duration. One household has duration of 
almost an hour (Figure 4-21). 
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Feb 2004:
Recorded Showers = 3280
Average Shower Volume = 62.5 Litres/Shower
Std Deviation = 38.5 Litres/Shower
Median = 52.4 Litres/Shower
Feb 2001:
Recorded Showers = 490
Average Shower Volume = 66.7 Litres/Shower
Std Deviation = 46.7 Litres/Shower
Aug 2004:
Recorded Showers = 2417
Average Shower Volume = 63.8 Litres/Shower
Std Deviation = 38.3 Litres/Shower
 
Figure 4-20. Comparison of Average Shower Volume Distribution (24HH-Feb 2001; 93HH-Feb 
2004; 80HH-Aug 2004) 
Shower Flow Rate 
The average shower flow rate for all recorded shower events during the three periods of 
monitoring was 9.22Lpm. Details for each of the monitoring period are shown in Figure 4-22. 
Around 42% of the showers recorded during the Feb 2001 monitoring were taken at a flow 
rate below 9Lpm although only 12.5% (three) of the surveyed households reported that they 
had installed AAA shower head. A comparison of showering and shower usage between 
homes is presented in Table B-15. 
In Feb 2004 monitoring around 54% have a peak flow rate of 9Lpm and below (AAA), 23% 
are between 9Lpm and 12Lpm (AA), 11% are in the range of 12 to 15Lpm (A), 9% are the 
standard 15 to 21Lpm, and 3% are above 21Lpm. 
In Aug 2004 monitoring, around 59% are 9Lpm and below (AAA), 21% are between 9Lpm 
and 12Lpm (AA), 11% are in the range of 12 to 15Lpm (A), 8% are in the standard 15 to 
21Lpm, and the remaining 1% is above 21Lpm (Figure 4-22). 
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Feb 2001_24HH:
Recorded Number of Showers = 490
Average Shower Duration = 6.5min/shower
Std Deviation = 3.5min/shower
Median Duration = 6.0min/shower
Feb 2004_93HH:
Recorded Number of Showers = 3280
Average Shower Duration = 7.6min/shower
Std Deviation = 5.1min/shower
Median Duration = 6.5min/shower
Aug 2004_80HH:
Recorded Number of Showers = 2417
Average Shower Duration = 7.7min/shower
Std Deviation = 4.5min/shower
Median Duration = 6.8min/shower
 
Figure 4-21. Comparison of Average Shower Duration (24HH-Feb 2001; 93HH-Feb 2004; 
80HH-Aug 2004) 
Frequency of Showering  
Each resident in the study took an average of 5.63 showers per week in all periods of 
monitoring which is lower than what the respondents thought in the survey of 6.2. Figure 
4-23 shows the details of frequency of showering per capita per week for each of the 
monitoring period. 
In Feb 2004 monitoring, the three houses with the highest number of average shower per 
person per day are all one person-household and the lowest three households are a 
combination of adults, children between 12 and 18 years of age and children 12 years and 
under. 
In Aug 2004 monitoring, the number of showers per capita per week is lower than that of Feb 
2004 which seems that people took fewer showers in winter than in summer. An analysis of 
shower per person for each household showed that a one-person household had an average 
of 14 showers per person per day during the monitoring period. This is definitely an 
additional person or a visitor stayed in the house during the logging period. 
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Feb 2001_24HH:
Recorded Number of Showers = 490
Average Shower Flow Rate = 10.3lpm
Std Deviation = 4.5lpm
Median Flow Rate = 9.9lpm
Feb 2004_93HH:
Recorded Number of Showers = 3280
Average Shower Flow Rate = 9.3lpm
Std Deviation = 4.8lpm
Median Flow Rate = 8.5lpm
Aug 2004_80HH:
Recorded Number of Showers = 2417
Average Shower Flow Rate = 8.9lpm
Std Deviation = 4.1lpm
Median Flow Rate = 8.0lpm
 
Figure 4-22. Comparison of Average Shower Flow Rate (24HH-Feb 2001; 93HH-Feb 2004; 
80HH-Aug 2004) 
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Feb 2004_93HH:
Average No. of Showers per Capita per Week = 6.0
Median No. of Showers per Capita per Week = 5.4
Standard Deviation = 2.8
Aug 2004_80HH:
Average No. of Showers per Capita per Week = 5.2
Median No. of Showers per Capita per Week = 4.9
Standard Deviation = 2.5
 
Figure 4-23. Comparison of Average Number of Showers per Capita per Week (93HH-Feb 2004; 
80HH-Aug 2004) 
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Baths 
The results presented in the following section are for Feb 2004 and Aug 2004 monitoring 
only since this usage was not recorded by the household participants during the Feb 2001 
monitoring. 
Across this two monitoring periods, the average volume per bath is 74.87L with each bath 
taken at 0.62 times per household per day or 4.32 times per week. In both monitoring 
periods, majority of the households (over 60%) had a bath at least once in a week. Details for 
each monitoring period are presented in Figure 4-24 and Figure 4-1.  
In Feb 2004, of the 24 households that used the baths, two-thirds (16) have children under 
12 years old. Of the recorded number of baths taken during the monitoring period, around 
20% of the baths taken are over 120L. 
Of the 23 households who used their baths in Aug 2004, 64% (14) have children under 12 
years old. Around 13% of the baths taken used over 120L. 
0%
2%
4%
6%
8%
10%
12%
14%
16%
18%
20%
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 More
Volume per Bath
Pe
rc
en
ta
ge
 to
 T
ot
al
 N
um
be
r o
f B
at
hs
0%
20%
40%
60%
80%
100%
120%
C
um
ul
at
iv
e 
Pe
rc
en
ta
ge
 to
 T
ot
al
 N
um
be
r 
of
 B
at
hs
Percentage_93HH Percentage_80HH Cumulative Percentage_93HH Cumulative Percentage_80HH
Feb 2004_93HH:
Recorded Number of Baths = 184
Number of Households = 24
Average Volume per Bath = 77.43L
Median Volume per Bath = 62.54L
Standard Deviation = 62.20L
Aug 2004_80HH:
Recorded Number of Baths = 209
Number of Households = 23
Average Volume per Bath = 72.62L
Median Volume per Bath = 65.19L
Standard Deviation = 59.43L
 
Figure 4-24. Comparison of Baths Water Volume (Feb 2004-24HH; Aug 2004-23HH) 
Spa 
The analysis presented in the following section is only for Feb 2004 since there is no usage 
recorded for bath during the Feb 2001 and Aug 2004 monitoring. During the Feb 2004 
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logging period, only one household was recorded to use a spa and only once with a total 
volume used of 344.8L and this equates to an average of 24.6L per day per household. 
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Figure 4-25. Average Number of Baths per Capita per Week, (Feb 2004-24HH; Aug 2004-23HH) 
Clothes Washer 
A total of 2269 wash loads were recorded during the three periods of monitoring, 115, 1232 
and 922 in Feb 2001, Feb 2004 and Aug 2004 respectively. For all the recorded wash loads, 
the calculated average volume of water used per wash load was 142.52L. The calculated 
average volume of water per wash load for each of the monitoring periods is presented in 
Figure 4-26. More than 75% of the wash loads consumed over 100L.  
The calculated standard deviation for all periods of monitoring was over 52L per wash load 
which indicates the variety of clothes washers in service, which includes top loading 
machines and front loading washers with a number of wash settings available on modern 
clothes washers. Users are often able to individually adjust the size of the load and the 
number of cycles. 
Analysis comparing the water usage for front and top loader machines revealed that of the 
total loads in Feb 2004 monitoring, 86% (1055 loads) were from top loaders and 14% (177 
loads) were from front loaders. In Aug 2004 monitoring, 89% (818 loads) were from top 
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loaders and 11% (104 loads) were from front loaders. The calculated average volume of 
water used per wash for these two periods of monitoring was 152.84L for top loaders and 
78.48L for front loaders (Figure 4-27 and Figure 4-28).  
The majority of loads from top loaders could be expected since 81% (79 households) of the 
total number of households logged owned top loaders and only 19% (19households) owned 
front loaders. The capacities of these washers range from 5 to 8kg for top loaders and 4 to 
8kg for front loaders. In both periods of monitoring, the average volume of water used for top 
loaders is twice as that used for front loaders. 
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Feb 2001_24HH:
Recorded Number of Wash Loads = 115
Average Wash Load Volume = 130.8Litres/Wash Load
Std Deviation = 52.4Litres/Wash Load
Median Wash Load Volume = 133.2Litres/Wash Load
Feb 2004_93HH:
Recorded Number of Wash Loads = 1232
Average Wash Load Volume = 143.1Litres/Wash Load
Std Deviation = 55.6Litres/Wash Load
Median Wash Load Volume = 143.4Litres/Wash Load
Aug 2004_80HH:
Recorded Number of Wash Loads = 922
Average Wash Load Volume = 143.2Litres/Wash Load
Std Deviation = 55.1Litres/Wash Load
Median Wash Load Volume = 149.3Litres/Wash Load
 
Figure 4-26. Comparison of Average Volume per Wash Load (24HH-Feb 2001; 93HH-Feb 2004; 
80HH-Aug 2004) 
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Front Loaders: 
Recorded Wash = 177
Average Volume per Wash = 82.85 Litres
Standard Deviation = 38.06 Litres
Median = 74.09 Litres
Top Loaders:
Recorded Number of Wash = 1055
Average Volume per Wash = 153.16 Litres
Standard Deviation = 51.60 Litres
Median = 154.18 Litres
 
Figure 4-27. Comparison of Volume per Wash Load between Front Loaders and Top Loaders, 
93 Households (Feb 2004) 
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Front Loaders: 
Recorded Wash = 104
Average Volume per Wash = 71.03 Litres
Standard Deviation = 33.63 Litres
Median = 69.28 Litres
Top Loaders:
Recorded Number of Wash = 818
Average Volume per Wash = 152.42 Litres
Standard Deviation = 50.30 Litres
Median = 157.07 Litres
 
Figure 4-28. Comparison of Volume per Wash Load between Front Loaders and Top Loaders, 
80 Households (Aug 2004) 
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In all periods of monitoring, the average daily water consumption for clothes washing 
purposes per household was 124.44Lphd which corresponds to 39.81Lpcd (90.3Lphd and 
30.9lcpd for Feb 2001, 130.8Lphd and 42.2Lpcd the average for Feb 2004 and 127.4Lphd 
and 39.7Lpcd for Aug 2004).  
In Feb 2001, four of the households used more water (above 150Lphd) for clothes washing 
than the other 20 houses monitored. These four houses have top loading machines and have 
an average load per day of over 1, which could mean almost washing their clothes everyday 
or having a number of loads on some days during the logging period. 
In Feb 2004, thirty-eight households (41% of the total households) used more water (above 
150Lphd) for washing the clothes and these households all but one owned top loaders. 
In Aug 2004, of the 79 houses that used their washing machines during the monitoring period 
30% households used more water (above 150Lphd) for washing the clothes and all of these 
households used top loaders.   
Generally as the size of the household increases the amount of water used for clothes 
washing per person decreases. It appears that all one person households in three monitoring 
periods have the highest average water consumption per capita and the seven-person 
households in 2004 monitoring have the lowest per capita usage (Table 4-8). The standard 
deviation in per capita usage is actually lower for large size households, perhaps due to 
fewer houses in this category. 
Table 4-8. Water Use for Laundry per Capita (Feb 2001; Feb 2004; Aug 2004) 
Feb 2001 Feb 2004 Aug 2004 HH 
Size Mean 
(Lpcd) 
Std Dev 
(Lcpd) 
HH in 
the 
interval 
Mean 
(Lpcd) 
Std 
Dev 
(Lcpd) 
HH in 
the 
interval 
Mean 
(Lpcd) 
Std 
Dev 
(Lcpd) 
HH in the 
interval 
1 68.89 14.19 2 63.30 51.08 10 47.53 33.05 10 (7T,3F)
2 32.50 19.70 6 36.71 17.58 22 35.37 19.46 16 (12T,4F)
3 17.75 20.53 3 49.60 33.10 16 41.69 23.63 17 (14T,3F)
4 29.81 18.37 10 33.80 18.39 26 37.11 24.86 21 (20T,1F)
5 19.21 9.09 3 47.52 27.36 14 43.92 20.83 10 (9T, 1F)
6    28.91 17.65 2 45.28 22.54 3 (3T)
7    15.33 4.66 2 14.68 5.14 2 (1T, 1F)
Frequency of Clothes Washer Use  
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For all the three periods of monitoring, the calculated average load of laundry per household 
per week was 3.37 or 0.48 times per day which is lower than the respondents’ estimate of 5 
wash loads per week (4.8 times per week or 0.69 per day for Feb 2001 monitoring; 6.4 or 0.9 
for Feb 2004 and 2 times per week for Aug 2004).  
The resulting average number of clothes washer use per day per household in Feb 2004 was 
higher than the respondents’ estimate of 5 wash loads per week (Figure 4-29). During the 
winter of 2004, each of the households used their washing machines less frequently than in 
summer (Figure 4-29). 
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Feb 2004_93HH:
Recorded No of Clothes Washer Loads = 1232
Average No of Clothes Washer Load per Household per Week = 6.42
Median No of Clothes Washer Load per Household per Week = 5.38
Std Deviation = 4.34
Aug 2004_80HH:
Recorded No of Clothes Washer Loads = 922
Average No of Clothes Washer Load per Household per Week = 2.02
Median No of Clothes Washer Load per Household per Week = 1.88
Std Deviation = 1.02
 
Figure 4-29. Comparison of Average Number of Wash Loads per Week per Household (93HH-
Feb 2004; 80HH-Aug 2004) 
Dishwashers 
Water use for dishwasher was not recorded by most of the households monitored in Feb 
2001, thus this section presents only the water use for dishwater use during the Feb 2004 
and Aug 2004 monitoring.  
For these two periods of monitoring, residents used their dishwashers 3.7 times per week or 
0.53 per day and each dishwasher load used an average of 24.10L of water resulting in an 
average daily household consumption for dishwashing of 12.21Lphd. The average number of 
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dishwashing per week is slightly lower than what the respondents thought they used their 
dishwasher in a week (4.4 times). Details of average volume per dishwasher load and the 
frequency of dishwashing per week for each monitoring period are shown in Figure 4-30 and 
Figure 4-31.  
Of the 93 households logged in Feb 2004, only 69% (64 households) owned dishwashers 
while in Aug 2004, only 51 of the 80 households logged used dishwashers during the 
monitoring period. The daily volume of water used for washing the dishes ranged from 
0.95Lphd to 44.2Lphd with an average of 12.9Lphd, a median of 12.1Lphd and a standard 
deviation of 8.6Lphd in Feb 2004. In Aug 2004, the daily volume of water used for washing 
the dishes ranged from 1.6Lphd to 36.1Lphd with an average of 12.3Lphd, a median of 
12Lphd and a standard deviation of 8.28Lphd. The household with the highest average daily 
consumption for dishwasher in both periods of monitoring has the highest household size of 
7.  
Like laundry, as the size of the household increases the amount of water used for 
dishwashing per person decreases in general. It appears that the amount of water used for 
dish washing does decrease as the number of residents increase in both summer and winter 
monitoring in 204 with the exception of the houses with more than five residents (Table 4-9) 
which could be attributed to the fewer number of households in the interval. The standard 
deviation in per capita usage also decreases as the household size decreases, perhaps due 
to the similarities of types of dishwashers in this category. 
Table 4-9. Water Use for Dishwashing per Capita (Feb 2001; Feb 2004; Aug 2004) 
Feb 2004 Aug 2004 HH Size 
Mean 
(Lpcd) 
Std. Dev. 
(Lcpd) 
No. of HH in 
the interval 
Mean 
(Lpcd) 
Std. Dev. 
(Lcpd) 
No. of HH in 
the interval 
1 1.91 0.73 4 6.19 5.95 5
2 1.11 0.59 14 5.34 4.42 7
3 0.55 0.27 11 3.89 2.58 13
4 0.37 0.15 20 3.12 2.00 15
5 0.32 0.11 12 3.38 0.66 6
6 0.40 - 1 1.76 1.74 3
7 0.35 0.02 2 3.68 2.08 2
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Feb 2004:
Recorded Number of Wash Load = 501
Average Volume per Wash = 24.49 Litres
Median Volume per Wash = 21.54 Litres
Standard Deviation = 11.18 Litres
Aug 2004:
Recorded Number of Wash Load = 352
Average Volume per Wash = 23.55 Litres
Median Volume per Wash = 21.78 Litres
Standard Deviation = 9.89 Litres
 
Figure 4-30. Comparison of Average Volume per Dishwash Load (Feb 2004-93 Households; Aug 
2004-80 Households) 
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Feb 2004_64HH:
Recorded No of Loads = 501
Average No of Load per Household per Week = 3.68
Median No of  Load per Household per Week = 3.23
Std Deviation = 2.42
Aug 2004_50HH:
Recorded No of Loads = 352
Average No of Load per Household per Week = 3.73
Median No of  Load per Household per Week = 3.23
Std Deviation = 2.53
 
Figure 4-31. Comparison of Average Number of Dishwasher Loads per Household per Week 
(Feb 2004-93 Households; Aug 2004-80Households) 
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Tap  
The discussion on tap use only covered the Feb 2004 and Aug 2004 monitoring since tap 
use could not be manually identified in Feb 2001 monitoring. 
As reported by Roberts (2004), respondents during the survey of 99 households use taps for 
their hand basins (bathrooms, ensuites, powder rooms), for kitchen sinks and for laundry 
trough. In the analysis of the logged data it was found difficult to separate tap use for each of 
these types since all of these are just recorded as “tap use”. 
In the two periods of monitoring, residents used an average of 1.33L at an average duration 
of 21.30 seconds. Details for each monitoring period are shown in Figure 4-32 and Figure 
4-33.  
During the logging period in Feb 2004, 52% of the recorded tap use is 1L and 48% is over 1L 
while in Aug 2004 monitoring, 49% of the recorded tap use is 1L and 51% is over 1L. Six and 
5% of the recorded tap use are over I minute in Feb 2004 and Aug 2004 monitoring 
respectively (Figure 4-33).  
The effect of dishwasher on tap use is assessed and it was found that in Feb 2004 the 64 
households using dishwashers consumed an average of 33.78Lpcd for combined 
dishwasher and tap usage while those without dishwashers (29) used an average of 
30.39Lpcd. This showed that households with dishwashers used more water per capita than 
those without. In contrast, in Aug 2004 those households (51) using dishwashers consumed 
an average of 24.4Lpcd for combined dishwasher and tap usage compared to an average of 
28.5Lpcd for tap usage from households (29) without dishwashers. In Feb 2004, 59% of the 
households with dishwashers used less than 30Lpcd while only 56% without dishwashers 
used less than 30%. In comparison, in Aug 2004, 78% of the households with dishwashers 
used less than 30Lpcd while only 52% of those without dishwashers consumed less than 
30Lpcd. 
Air Conditioners 
This section presents water usage for air conditioners in Feb 2004 monitoring only since 
there was no recorded air conditioners’ usage in Feb 2001 and in Aug 2004. Water usage for 
air conditioners is considered both as indoor and seasonal in this research since these are 
normally used only during summer. 
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Feb 2004_93HH:
Recorded Number of Tap Use = 93699
Average Tap Use Volume = 1.34 Litres
Median Tap Use Volume = 0.46 Litres
Standard Deviation = 3.09 Litres
Aug 2004_80HH:
Recorded Number of Tap Use = 57978
Average Tap Use Volume = 1.31 Litres
Median Tap Use Volume = 0.53 Litres
Standard Deviation = 2.66 Litres
 
Figure 4-32. Comparison of Tap Use Volume (Feb 2004-93 Households; Aug 2004-80 
Households) 
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Feb 2004_93HH
Recorded Number of Tap Use = 93699
Average Duration of Tap Use = 21.93 seconds
Median Duration of Tap Use = 10 seconds
Standard Deviation = 44.78 seconds
Aug 2004_80HH
Recorded Number of Tap Use = 57978
Average Duration of Tap Use = 20.29 seconds
Median Duration of Tap Use = 10 seconds
Standard Deviation = 35.79 seconds
 
Figure 4-33. Comparison of Average Tap Use Duration (Feb 2004-93 Households; Aug 2004-80 
Households) 
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Of the 93 houses logged in Feb 2004, only 66 owned air conditioners with  38% (25) of these 
owned refrigerated air conditioners, 32% (21) owned reverse cycles type and the remaining 
30% (20) owned evaporative type. During the monitoring period 21 households used their air 
conditioners. Of these, 18 households owned evaporative air conditioners; one owned 
reverse cycle type and 2 of unknown type.  
The average daily water usage per household for all these types of conditioners during the 
monitoring period was estimated to be 190.7L, with a median of 186.3L and a standard 
deviation of 119L (Figure 4-34). On a per type of air conditioner, evaporative conditioners 
used an average of 175.8L, other types used 336.5L and the reverse cycle type from one 
household used an average of 168.3L (Figure 4-34). 
The average daily duration of usage per household was calculated to be 1.97 hours with a 
median of 1.2 hours and a standard deviation of 2.2 hours. Most of the households logged 
(76%) used their air conditioners for 2hours or less than a day, while 14% used over 2 to less 
than 6hours and 10% used between the range of 6 to 8 hours (Figure 4-35). On a per type of 
air conditioner, evaporative air conditioners have been used on an average of 1.6 hours daily 
during the logging period by 18 households and the other type and the reverse cycle type 
were used on an average of 4.2 hours daily by three households (Figure 4-35). 
Air conditioner’s usage is directly related to temperature, in Feb 2004 monitoring, most 
households with air conditioners turned on their conditioners once the temperature is above 
20°C (Figure 4-36).  
4.3.2. Outdoor Use 
The outdoor use is composed of garden watering, pools and the water usage categorised as 
other outdoor. 
Garden Watering 
In Feb 2004 monitoring, there were 1468 recorded garden watering from 84 homes resulting 
in an average volume of 202 litres and average duration of 17 minutes per garden watering 
of around 3 times per week (Table 4-10, Figure C-1, Figure C-2 and Figure C-3). The high 
standard deviation in both average volume and duration of 412 litres and 53 minutes could 
be attributed to the size of the garden being watered, the main type of garden watering 
method and the frequency of watering. 
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Figure 4-34. Average Daily Volume for Air Conditioners' Usage per Type, 21 Households 
(Feb 2004) 
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Figure 4-35. Average Daily Duration per Conditioners' Usage per Type, 21 Households, 
(Feb 2004) 
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Figure 4-36. Air Conditioners' Usage against Temperature, Feb 2004 
The size of the garden was not measured during the survey of the participating households 
and therefore is not considered in this study. Based on the survey, most of the respondents 
(57% of those who watered their garden during the monitoring period) have indicated that 
hose is their main method of garden watering, followed by manual sprinklers (23%), and the 
remaining 20% are automatic sprinklers, combination of hose and manual sprinklers, and 
others (Table 4-10). Households that used hose and manual sprinklers consumed the 
highest amount of water per garden watering (488 litres) due to its long duration (59.1 min) 
but then only water the garden of less than twice per week (1.8 times) compared with 
households using automatic sprinklers. 
Table 4-10. Average Volume, Average Duration and Average Frequency of Garden Wateering 
by Main Method (Feb 2004)  
Main Method No of 
HH 
Average Volume 
(L/watering) 
Average Duration 
(min/watering) 
Average Frequency 
per Week 
Automatic Sprinkler 6 360 23.4 4.07
Hose 48 166 15.8 3.08
Hose & Manual 
Sprinkler 
2 488 59.1 1.75
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Manual Sprinkler 19 247 18.8 3.25
Other 9 77 51.4 2.23
All 84 202 16.8 3.07
 
Pools  
In Feb 2004 monitoring, there were 26 recorded filling or refilling of pools from nine out of 93 
households logged.   
4.4. Hourly Water Use Pattern 
Few studies were able to document the hourly-water use patterns of single family homes. In 
this study, because the start time of each water use event was identified, the volume, 
duration and flow rates were estimated then the volume of water used during each hour of 
the day was summed up and figures showing hourly water use patterns were developed. 
This type of analysis has been performed by water and wastewater treatment facilities for 
years to assist in planning treatment capacity. It was known that urban water use followed a 
diurnal curve with peaks occurring in the morning and early evening (Mayer et al. 1999 and 
Gato et al. 2004). 
4.4.1. Total Household Water Use Hourly Pattern 
Figure 4-37 to Figure 4-39 present the hourly patterns for indoor, outdoor and total water use 
for (Feb 2001, Feb 2004 and Aug 2004 monitoring periods. These curves were calculated by 
summing the volume of all water use events across all logged homes that began during each 
hour irrespective of the date. For example, all shower events from one household that started 
between 7am and 8am are lumped with shower events from household 2, and all other 
households that started between 7am and 8am and so on. 
Indoor, outdoor and total uses all follow the diurnal curve pattern shown in Figure 4-37 to 
Figure 4-39. Outdoor use rose dramatically at 3am driven by automatic sprinkler system in 
one of the 24 households monitored in Feb 2001 and this could have been programmed to 
begin watering early in the morning (Figure 4-37). The second outdoor peak was observed at 
9pm then declined sharply for the night. Indoor use followed a smooth diurnal curve pattern. 
Indoor use ramped up steeply starting at 6am and peaking at 8am fuelled by shower, toilet 
and laundry usage. The evening indoor peak began at 5pm; peaked at 7pm and diminished 
after 11pm. Leakage occurred throughout the day at a constant rate. The combined indoor, 
outdoor and leakage peaks occurred at 8am and 9pm with the morning peak due to mostly 
indoor use and evening peak due to outdoor use. 
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In Feb 2004 monitoring, the morning peaks of outdoor use occurred at 8am then declined 
gradually until 5pm when it rose dramatically at 9pm for the second outdoor peak, higher 
than the morning peak then declined sharply for the night (Figure 4-38). Indoor use, leakage 
and the combined indoor, outdoor and leakage peaks were observed at the same time as 
that of Feb 2001 monitoring with morning peaks also due to mostly indoor use and evening 
peak due to outdoor use.  
The Aug 2004 monitoring is a bit different than that of Feb 2001 and Feb 2004 monitoring 
and this could be attributed to season (summer vs winter). There is no recorded outdoor 
usage during this monitoring period. Leakage is fairly constant throughout the day. Indoor 
use morning peak occurred an hour later than the Feb 2001 and Feb 2004 monitoring, at 
9am but the evening peak was observed at 7pm two hours earlier (Figure 4-39). The 
observed morning and evening peaks were mostly caused by indoor use.  
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Figure 4-37. Hourly Water Use Pattern, 24 Households (Feb 2001) 
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Figure 4-38. Hourly Water Use Pattern, 93 Households (Feb 2004) 
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Figure 4-39. Hourly Water Use Pattern, 80 Households (Aug 2004) 
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4.4.2. Indoor Water Use Hourly Pattern  
The disaggregated hourly indoor use patterns throughout the day for the three monitoring 
periods are shown in Figure 4-40 to Figure 4-42. These curves represent the same total 
volume shown in the indoor use curve in Figure 4-37 to Figure 4-39, but with indoor use 
broken into specific end use. To develop these curves, the volume for each indoor end use 
recorded in all homes for each period of monitoring (Feb 2001, Feb 2004 and Aug 2004) was 
summed based on the hour in which the event started.  
Showers, clothes washers and toilets are the most prominent end uses in Feb 2001 
monitoring (Figure 4-40). Shower use is virtually non-existent from 2 to 4am then ramps up 
sharply peaking at 8am. A lower but secondary morning peak occurs at 11am then 
decreases sharply for the rest of the morning and early afternoon reaching an afternoon peak 
but lower than the first morning peak at 7pm then another secondary but lower afternoon 
peak at 10pm. Clothes washer is also non-existent from 1 to 6am but increases dramatically 
an hour after the toilet and shower peak at 9am. Clothes washer use is fairly steady for the 
remainder of the day, decreasing down to almost nothing at 10pm.Toilet use increases 
steeply starting at 6am reaching its morning peak at 8am, decreases slightly during the later 
morning and afternoon and increases again in the evening between 5pm to 10pm.  
For Feb 2004 and Aug 2004 monitoring the use of computer software, Trace Wizard (Section 
3.3.2) allows for further disaggregation of indoor end uses to include dishwasher and other 
indoor uses (Figure 4-41).  Showers, clothes washers and toilet uses for Feb 2004 
monitoring follow the same diurnal curve patterns as that of Feb 2001monitoring. The pattern 
of dishwasher usage is hard to distinguish. Dishwashers seemed to be not in use from 2am 
to 7am and are fairly steady from then onwards until 1am. Other indoor uses follow the same 
pattern as the toilet usage.  
In Aug 2004 monitoring shower and toilet uses follow the same pattern as that observed in 
Feb 2001 and Feb 2004 monitoring with the exception of the morning peaks that occur an 
hour later at 9am (Figure 4-42). Clothes washer also follows the patterns observed in Feb 
2001 and Feb 2004 which peaks dramatically at 10am, an hour later as well after the toilet 
and shower peak. The pattern of use for dishwashers is also harder to distinguish. 
Dishwasher usage is non-existent from 2am to 9am and 4pm to 6pm. Other indoor uses also 
follow the pattern of toilet uses. 
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Figure 4-40. Major Indoor Hourly Use Patterns, 24 Households (Feb 2001) 
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Figure 4-41. Major Indoor Hourly Use Patterns, 93 Households (Feb 2004) 
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Figure 4-42. Major Indoor Hourly Use Patterns, 80 Households (Aug 2004) 
4.5. Conservation Effectiveness of Efficient Water Using Appliances 
4.5.1. Dual Flush Toilets 
Of the households logged in all periods of monitoring, those with single flush toilets flushed 
their toilet an average of 4.1 times per person per day and used an average of 34Lpcd or an 
average of 89.4Lphd for toilet purposes. The other homes with dual flush toilets flushed the 
toilet an average of 4.1 times per person per day and used an average of 25.9Lpcd or an 
average of 79.05Lphd for toilet purposes. The remaining houses who own a combination of 
single and dual flush toilets used an average of 113.9Lphd or 38.4Lpcd for toilet flushing and 
flushed their toilets 4.7 times per person per day. Details for each monitoring periods are 
shown in Table 4-11. 
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Table 4-11. Single Flush and Dual Flush Toilet Water Use (Feb 2001; Feb 2004; Aug 2004) 
Toilet Use per Household 
per Day (Lphd) 
Toilet Use per Capita 
per Day (Lpcd) 
Flushes per Capita per 
Day 
Toilet 
Category 
HH 
Mean Std Dev Mean Std Dev Mean Std Dev 
Feb 2001 
SF 5 56.34 19.98 18.81 8.37 2.66 0.90
DF 19 48.59 23.99 15.84 6.76 3.42 1.62
All Homes 24 50.21 23.02 16.46 7.03 3.26 1.52
Difference  7.75 2.97 0.76 
Feb 2004 
SF 16 99.90 52.64 38.86 17.55 4.01 1.72
DF 61 90.89 51.99 30.04 26.90 4.22 2.73
Both 15 121.47 53.79 39.70 16.27 4.59 1.63
All Homes 93 96.54 53.43 32.86 24.27 4.21 2.43
Difference  9.01 8.82 0.21  
Aug 2004 
SF 15 89.26 47.14 34.76 22.33 4.83 4.01
DF 54 76.39 40.48 24.92 12.02 4.15 1.78
Both 11 103.52 42.80 36.10 17.38 4.82 1.24
All Homes 80 82.53 42.67 28.30 15.74 4.37 2.30
Difference  12.87 9.84   
Note:  SF = Single Flush 
 DF = Dual Flush 
 Difference = Difference between Single Flush Toilet and Dual Flush Toilet 
 
These findings indicate that a complete dual flush toilet retrofit in a single-family detached 
home can achieve potential water savings of 2.97 to 9.84Lpcd or from 7.75 to 12.87Lphd. 
The savings from 2001 is lower compared to 2004 since the households logged in 2001 
already owned single flush toilets of 6 and 9L capacities while those in 2004 still owned 9 
and 13L and with dual flush toilets of mostly 11/6L. 
Comparison of Dual Flush Toilet Savings in other Studies 
The Perth Domestic Water Study has measured water savings achievable from installing 
dual flush toilets. The per capita per day toilet savings found in Perth study (Loh and 
Coghlan, 2003) was compared with the results of this study (Table 4-12). Studies conducted 
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in US were in Ultra-Low Flush Toilet not on dual flush toilets, thus results were not 
compared. 
Table 4-12. Comparison of Dual Flush Toilet Savings from Other Studies 
Research Study Savings from Dual Flush Toilets 
 KL per Capita per Year KL per Household per Year 
Aug 2004 3.59 4.70 
Feb 2004 3.22 3.29 
Feb 2001 1.08 2.83 
Perth Domestic Study 2.18 7.30 
 
The savings found in Feb 2001 monitoring was lower than in the Perth study. This could be 
due to some single flush toilets in the study of 24 YVW staff with average flush volumes of 
6Lpf and dual flush toilets with capacities of 9/4.5Lpf while the Perth Domestic Study 
reported some older dual flush toilets with capacities of 11/6Lpf, which could lead to greater 
savings when converting them to 6/3Lpf dual flush toilets. The dual flush toilet savings 
estimates were calculated as the difference between the mean per capita toilet usage in 
homes which used dual flush toilets and homes in the study which use single flush toilets. In 
order to improve the determination of the possible savings through the installation of dual 
flush toilets it would be reasonable to conduct an intervention study in which the same group 
of homes is retrofitted with conserving fixtures. 
4.5.2.  “AAA” Shower Heads 
The so called “AAA” shower heads are designed to restrict the flow to a rate of 9Lpm or less. 
By calculating the average shower flow rate for each shower at each study residence it was 
possible to separate homes where shower flow rates did not exceed 9Lpm during the 
monitoring period to homes where shower flow rates were above the AAA range.  
Majority of the households logged during the three periods of monitoring showered 
exclusively above 9Lpm. The AAA shower homes used an average of 92.9Lphd and 
35.7Lpcd for showering, while the non-low flow shower homes used an average of 177Lphd 
and 57.6Lpcd. However, the duration of the average shower in the low-flow shower homes 
was 10 minutes, while the average shower duration in the non-low flow homes was only 7 
minutes. Details for each monitoring period are shown in Table 4-13. 
Table 4-13. Low-Flow and Non Low-Flow Shower Use (Feb 2001; Feb 2004; Aug 2004) 
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Shower use per 
household per day Lphd) 
Shower use per 
capita per day (Lpcd) 
Shower Duration 
(min) 
Shower 
Category 
HH 
Mean Std Dev Mean Std Dev Mean Std Dev 
Feb 2001 
Others (>9Lpm) 8 236.67 148.30 69.01 28.98 6.00 2.13
AAA (<9Lpm) 16 113.05 61.60 42.73 18.60 8.01 1.36
24 HH 195.46 137.99 60.25 28.51 6.27 2.11
Difference  123.62 26.28  2.01 
Feb 2004 
Others (>9Lpm) 73 173.97 92.77 58.90 37.92 7.11 2.14
AAA (<9Lpm) 20 93.10 65.78 33.54 20.12 10.61 6.47
93 HH 156.58 93.51 53.44 36.31 7.86 3.78
Difference  80.87 25.36  3.50 
Aug 2004 
Others (>9Lpm) 58 172.65 99.53 54.40 27.18 7.24 1.94
AAA (<9Lpm) 22 78.06 47.04 32.26 18.63 10.91 6.39
80 HH 146.64 97.68 48.31 26.92 8.06 3.91
Difference  94.59 22.14  3.67 
 
The difference between the two groups suggest that a retrofit of a non AAA shower home 
could result in annual water savings of approximately 29.5 to 45.1kL per household per year 
or 8.1 to 9.6kL per person per year. It was also shown that households which shower at a 
lower average flow rate do tend to take longer showers. The result suggests that greater 
shower water savings would be available if the AAA occupants could reduce the duration of 
their showers to the level of the non-AAA homes.  
Low-Flow Showerhead Savings Found in Other Studies 
A number of studies here and overseas have measured water savings achievable from 
installing low-flow showerheads. These studies include the Perth Domestic Study (Loh et al. 
2002), the Water Resources Strategy for Melbourne (Water Resources Strategy Committee 
for the Melbourne Area 2002) and studies reported in REWS study (Mayer et al. 1999). The 
per capita per day shower savings found in these studies are compared with the results from 
this study in Table 4-14. 
Table 4-14. Comparison of AAA Showerhead Savings from Other Studies 
Study Water Savings from Low Flow Showerheads 
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Study Water Savings from Low Flow Showerheads 
 KL/capita/year KL/household/year KL/shower/year 
Aug 2004 8.08 34.52 8.76
Feb 2004 9.26 29.52 9.61
Feb 2001 9.59 45.12 16.12
Perth Study* 5.10 17.00 5.10
Water Resources Strategy  13.00 5.88
US Study  17.00  
• Perth Study was based on water savings of 14L/shower amounting to 5.1kL/person/year. With an 
average of 3.35 persons/household, the savings per household per year was calculated as 17kL.  
• Water Resources Strategy savings of 13kL/hh/yr was based on 2.3L/min for a 7-min shower 
(Water Resources Strategy Committee for the Melbourne Area, 2002). 
The savings found in this study were higher than found in all the other studies. The AAA 
showerhead savings estimates were calculated as the difference between the mean daily per 
capita showers usage in homes in which the residents showered exclusively above the 
9Lpm-flow rate and those below. An intervention study in which the same group of homes is 
retrofit with conserving fixtures would be a logical next step to better quantify the savings 
achievable through the installation of AAA showerheads. 
4.5.3. Front Loading Washing Machines 
After showers and baths, washing machines are the next largest component of indoor water 
use in the single-family sector.  
More than 75% of the households logged in each of the monitoring period owned top 
loaders. An analysis of the average water consumption per household per day for clothes 
washing during the three periods of monitoring revealed that homes with front loading 
machines used an average of 54.6Lphd and those who reported owning top loading 
machines have an average of 139.9Lphd for laundry. Table 4-15 presents the details of the 
calculation for each period of monitoring.  
A front loading washing machine uses less water compared to top loaders per fill leading to 
savings of 15.60 to 16Lpcd or around 6kL/person/year in summer and 26.4Lpcd or 
approximately 9.6kL/person/year in winter (Table 4-15). 
Table 4-15. Potential Water Savings on Front Loading Washing Machines (Feb 2001; Feb 2004; 
Aug 2004) 
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Feb 2001 Feb 2004 Aug 2004 Type 
HH Lpf Lpd Lpcd HH Lpf Lpd Lpcd HH Lpf Lpd Lpcd 
Front 5 105.4 77.6 18.2 17 80.7 56.8 29.4 13 71.0 42.8 17.6
Top 19 135.3 93.7 34.2 75 152.4 147.8 45.0 67 152.4 144.1 44.0
Potential 
Savings 
29.8 16.2 15.9 71.7 90.9 15.6 81.4 101.3 26.4
 
Front Loading Washing Machines Savings in other Studies 
A number of studies here and overseas have shown potential savings in using front loaders 
than top loaders washing machines. The results of the three studies here in Australia showed 
the same savings on a per capita basis per year for using front loaders (Table 4-16). 
Table 4-16. Comparison of Water Savings from Front Loading Washing Machines 
Study Savings (kL/person/year) 
Aug 2004 9.6 
Feb 2004 5.7 
Feb 2001 5.8 
Perth Study 5.8 
 
4.5.4. Leak Detection 
As noted earlier in this report, leakage represents a significant component of residential 
water consumption. Households in this study averaged 24.7Lpcd in leaks alone. This 
amounts to nearly 9kL per person per year wasted due to leaks. Effective leak detection and 
repair programs could significantly reduce domestic consumption. 
The average leakage per capita of (24.7Lpcd) should be of concern to utilities, water 
providers and consumers. To put the 24.7Lpcd leakage rate in world-wide perspective, 
studies in Turkey, Indonesia, Egypt, and Hong Kong found that the entire indoor domestic 
consumption among lower income groups ranged from 12.4 to 18.5gpcd (Twort et al. 1994).  
Although not a stated objective of this study, this result suggests that identifying and 
repairing leaks in the top 5 to 10% of leaking homes would provide greater benefits in terms 
of water savings than a general non-targeted leak detection and repair program. The 
difficulty lies in accurately identifying the large accounts in an expensive and systematic 
manner. 
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4.6. Summary 
This chapter presents the results of the analysis undertaken for end use data collected for 
each of the participating household across Greater Melbourne during the Feb 2001, Feb 
2004 and Aug 2004 logging periods including the average litres per capita per day (Lpcd) 
used for different water using appliances, the frequency and intensity of their use, and the 
variability of water use in single-family homes. The three logging periods represent the water 
use before and after the water restrictions in Melbourne (2001 and 2004) and the water use 
during summer and winter (Feb 2004 and Aug 2004). 
Average Daily Water Use per Household  
The average daily total water use per household for the three periods of monitoring is 
calculated as 687Lphd which corresponds to an average daily water use per capita of 
240Lpcd.  
Due to water restrictions, there is a reduction of 26% (1023 vs 758Lphd) and 35% (398 vs 
260Lpcd) in 2004 summer average daily water usage and average daily water use per capita 
per household compared with 2001 summer usage. The average winter consumption of 2004 
is 34% lower (758 against 503Lphd) than the summer consumption of the same year and the 
per capita consumption incurred a reduction of 35% (260 vs 168Lpcd) due to the absence of 
garden watering.  
The great variation in water usage from one household to another household is due to 
household size, irrigation practices, and ownership and type of water using appliances. One 
to two-person size households incurred the highest daily per capita water use in irrigation, 
tap usage, clothes washer, dishwasher, showers and toilets. This would mean that there is 
per capita savings in household usage as household size increases. 
Indoor Water Use 
The average daily indoor use per household for the three periods of monitoring is 486Lphd or 
an average daily indoor use per capita of 159Lpcd. Majority of the households’ consumption 
are below 800Lphd and a number of households have an average daily consumption above 
960Lphd due to household size and high water usage for clothes washers, and evaporative 
coolers 
In all three periods of monitoring, the households with highest daily indoor use per capita are 
one-person households. The similarities of average daily indoor use per capita for the three 
periods of monitoring suggest that the water restriction in 2004 or the winter period in 2004 
did not have an effect in indoor water consumption.  
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Showers and baths were the largest component of indoor water use per household and on 
per capita basis in all three periods of monitoring accounting for 35% of the average total 
indoor water use or 36% of total indoor water use per capita. Water used for washing 
machines and “others” both at 24% of average daily indoor water use per household and of 
average daily indoor use per capita and those toilet flushing comes in last at 16% in both per 
household and per capita basis. 
Outdoor Water Use 
The average daily outdoor use per household for Feb 2001 and Feb 2004 is 269Lphd. There 
is a reduction of around 55% in average outdoor water usage per household in Feb 2004 to 
that of Feb 2001 average due to water restrictions in place in 2004. There was no recorded 
outdoor water usage in Aug 2004 monitoring due to 11 days of rainfall. 
Leaks 
Analysis of the average daily leakage in Feb 2001 and Aug 2004 monitoring revealed that a 
small number of houses were responsible for the majority of leakage. The average daily 
leakage per household for Feb 2001 and Aug 2004 monitoring were 89.11Lphd 36.09Lphd 
respectively with a corresponding standard deviation of 160.27Lphd and 104.24Lphd. A 
higher standard deviation indicates that there are households that have higher leakage. Of 
the households logged in Feb 2001 and Aug 2004, less than 20% are responsible for leaks. 
Major End Uses of Water 
Toilets 
According to survey results of the households in 2001 and 2004 monitoring, a household has 
an average of 1.8 toilets which are either single flush or dual flush with cisterns’ capacities 
ranging from 6L to 12L for single flush and 6/3L to 9/4.5L and 11/6L for dual flush. Majority of 
the households owns dual flush toilets which are dominated by 9/4.5L.   
Based on a total of 32,972 flushes recorded in the three periods of monitoring, the average 
toilet flush volume is 6.9Lpf. Majority of the recorded flushes (69%) comes from dual flush 
toilets, 15% were from single flush toilets, and 16% from combined single and dual toilets 
households. This could be expected since the majority of the toilets owned are dual flush 
toilets. Toilet flush volumes over 10.5Lpf are single flush toilets with cistern capacities of 11L 
and above from households logged during 2004 monitoring. 
The calculated average toilet flush per capita per day was 4.2fpcd which corresponds to 
29Lpcd for toilet flushing. 
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Showers 
During the three periods of monitoring, the calculated average volume of water used per 
shower is 63.3L and each shower lasted an average of 7.5min and the average flow rate of 
9.22Lpm. This resulted to an average daily consumption per household of 152Lphd for 
shower purposes. The average shower flow rate is considered to be of AA shower heads. 
The average shower duration is higher than the average of the survey results (6.2min) and 
the average duration of Feb 2004 monitoring (7.6min) is higher than the calculated average 
in Feb 2001 monitoring (6.5min). This indicates that water restrictions imposed in 2004 does 
not have an effect on shower duration. The calculated average shower duration in Aug 2004 
is almost similar to Feb 2004 which means that people stay in the shower at the same 
duration during winter and summer. The households with the highest volume used for 
shower has a household size of 4 and over and mostly composed of adults. This could be 
due to taking showers before going to work. 
Based on the recorded showers the number of showers per capita per week is 5.6 which is 
slightly lower than what the respondents thought in the survey of 6.2. It seems that people 
took fewer showers in winter than during summer. An analysis of shower per person for each 
of the logged households revealed that the three houses with the highest number of average 
shower per person per day are all one person-household and the lowest three households 
composed of a combination of adults, children between 12 and 18 years of age and children 
12 years and under. 
Baths 
Baths usage was not recorded by the household participants during the Feb 2001 
monitoring. In Feb 2001 and Aug 2004 monitoring, less than 30% of the logged households 
used their baths and of these more than 60% have children under 12 years old. Of the 
recorded number of baths taken during the monitoring periods, the average volume per bath 
was calculated as 74.9L and each household took 4.3 bath per week or 0.62 times per day. 
Spa 
There is no usage recorded for spa during the Feb 2001 and Aug 2004 monitoring and in 
Feb 2004 logging period, only one household recorded to use a spa and only once with a 
total volume used of 344.8L which equates to an average of 24.6L per day per household. 
Clothes Washer 
The calculated average volume of water per wash load for all the periods of monitoring was 
142.5L based on a total of 2269 wash loads. More than 75% of the wash loads consumed 
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over 100L. The average load of laundry per household per week was 3.4 times per week 
(4.8, 6.4 and 2 for Feb 2001, Feb 2004 and Aug 2004 respectively which means that 
households tend to wash their clothes less frequently in winter than in summer). 
In all periods of monitoring, the average volume of water used for top loaders is twice as that 
for front loaders. The average daily water consumption for clothes washing purposes per 
household was 124.4Lphd and the per capita usage is 39.8Lcpd. Households with top 
loaders used more than 150Lphd for washing the clothes.   
The calculated standard deviation during the three periods of monitoring is over 52L per 
wash load due to the variety of clothes washers in service, which includes top loading 
machines and front loading washers with different number of wash settings available on 
modern clothes washers.  
Generally as the size of the household increases the amount of water used for clothes 
washing per person decreases. It appears that all one person households in three monitoring 
periods have the highest average water consumption per capita and the seven-person 
households in 2004 monitoring have the lowest per capita usage. The standard deviation in 
per capita usage is actually lower for large size households, due to fewer houses in this 
category. 
Dishwashers 
Water use for dishwasher was not recorded by most of the households monitored in Feb 
2001. During the two monitoring periods, the average volume of water use per load is around 
24L. The average dishwasher use per household per week is 3.7 with a daily average 
volume of approximately 12Lphd. This is slightly lower than what the respondents thought 
they used their dishwasher in a week (4.4 times). The households with the highest average 
daily volume used for dishwasher have the largest household size of 7. 
Like laundry, as the size of the household increases the amount of water used for 
dishwashing per person decreases in general. It appears that the amount of water used for 
dishwashing does decrease as the number of residents increase in both summer and winter 
monitoring in 2004 with the exception of the houses with more than five residents which 
could be attributed to the fewer number of households in the interval. The standard deviation 
in per capita usage also decreases as the household size decreases, perhaps due to the 
similarities of types of dishwashers in this category. 
Tap  
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During the Feb 2004 and Aug 2004 logging periods, a total of 151,676 tap uses were 
recorded and the average volume of water per use is calculated as 1.3L with a standard 
deviation of around 3L with an average duration of 21 seconds and only 6% of the recorded 
tap uses are over I minute.  
The assessment of the effect of dishwasher on tap use revealed a contrasting result, 
although the difference is not significant (around 4Lpcd). In Feb 2004, households with 
dishwashers consumed more water per capita than those without (33.78Lpcd vs 30.39Lpcd) 
while in Aug 2004, households with dishwashers used less (24.4Lpcd vs 28.5Lpcd).  
Air Conditioners 
Water usage for air conditioners is considered both as indoor and seasonal in this research 
since these are normally used only during summer. There was no recorded air conditioners’ 
usage in Feb 2001 and in Aug 2004. Of the 93 houses logged in Feb 2004, only 66 owned 
air conditioners with 38% of these owned refrigerated air conditioners, 32% owned reverse 
cycles type and the remaining 30% owned evaporative type. Of the 21 households that used 
their air conditioners during the monitoring period, 18 owned evaporative air conditioners; 
one owned reverse cycle type and 2 of unknown type.  
The average daily water usage per household for all these types of conditioners during the 
monitoring period was estimated to be 190.7L, with a median of 186.3L and a standard 
deviation of 119L. Evaporative conditioners used an average of 175.8L, other types used 
336.5L and the reverse cycle type from one household used an average of 168.3L. The 
average daily duration of usage per household was calculated to be 1.97 hours with a 
median of 1.2 hours and a standard deviation of 2.2 hours. Air conditioner’s usage is directly 
related to temperature with most households turned on their conditioners once the 
temperature is above 20°C.  
Garden Watering 
In Feb 2004 monitoring, there were 1468 recorded garden watering from 84 homes resulting 
to an average volume of 202 litres and average duration of 17 minutes per garden watering 
of around 3 times per week. The high standard deviation in both average volume and 
duration of 412 litres and 53 minutes could be attributed to the size of the garden being 
watered, the main type of garden watering method and the frequency of watering. 
Based on the survey, 57% of those who watered their garden during the monitoring period 
have indicated that hose is their main method of garden watering, followed by manual 
sprinklers (23%), and the remaining 20% are automatic sprinklers, combination of hose and 
manual sprinklers, and others. Households that used hose and manual sprinklers consumed 
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the highest amount of water per garden watering (488 litres) due to its long duration (59.1 
min) but then only water the garden of less than twice per week (1.8 times) compared with 
households using automatic sprinklers. 
Pools  
In Feb 2004 monitoring, there were 26 recorded filling or refilling of pools from nine out of 93 
households logged.   
Hourly Water Use Pattern 
Few studies were able to document the hourly-water use patterns of single family homes. In 
this study, because the start time of each water use event was identified, the volume, 
duration and flow rates were estimated so it was possible to sum the volume of water used 
during each hour of the day and develop figures showing hourly water use patterns.  
The hourly patterns for total water use for the three monitoring periods (Feb 2001, Feb 2004 
and Aug 2004) followed a classic diurnal pattern with distinct typical characteristics: 
• Highest usage in the morning (5am to 1pm) for summer; only high in winter 
• Moderate usage during the day (1pm to 6pm) 
• High usage in the evening (6pm to 11pm) for summer; highest in winter 
• Lowest usage in the evening (11pm to 5am)  
Indoor and outdoor use in the three periods of monitoring followed the same hourly pattern to 
that of the total water use pattern but with some important differences. Outdoor use rose 
dramatically at 3am driven by automatic sprinkler system in one of the households monitored 
in Feb 2001 and this could have been programmed to begin watering early in the morning. 
The outdoor morning peak in Feb 2001 and Feb 2004 monitoring was observed at 8am then 
declined gradually until 5pm when it rose dramatically at 9pm for the second but highest 
outdoor peak then declined sharply for the night. Indoor use ramped up steeply starting at 
6am and peaking at 8am fuelled by shower, toilet and laundry usage. The evening indoor 
peak began at 5pm; peaked at 7pm and diminished after 11pm. The Aug 2004 monitoring is 
a bit different than that of Feb 2001 and Feb 2004 monitoring which could be attributed to 
being winter. There is no recorded outdoor usage during this monitoring period. Indoor use 
morning peak occurred at 9am an hour later than the two periods of monitoring, but the 
evening peak was observed at 7pm two hours earlier. Leakage occurred throughout the day 
at a constant rate for all the three periods.  
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Showers, clothes washers and toilets are the most prominent end uses in the three periods 
of monitoring. Shower use is virtually non-existent from 2 to 4am and then ramps up sharply 
peaking at 8am. A lower but secondary morning peak occurs at 11am then decreases 
sharply for the rest of the morning and early afternoon and reaches an afternoon peak but 
lower than the first morning peak at 7pm and another secondary but lower afternoon peak at 
10pm. Clothes washer is also non-existent from 1 to 6am but increases dramatically an hour 
after the toilet and shower peak at 9am. Clothes washer use is fairly steady for the remainder 
of the day, decreasing down to almost nothing at 10pm.Toilet use increases steeply starting 
at 6am reaching its morning peak at 8am, decreases slightly during the later morning and 
afternoon and increases again in the evening between 5pm to 10pm. In Aug 2004 
monitoring, shower use and clothes washer peak an hour later, 9am and 10am respectively.  
For Feb 2004 and Aug 2004 monitoring the use of computer software, Trace Wizard (Section 
3.3.2) allows for further disaggregation of indoor end uses to include dishwasher and other 
indoor uses.  The pattern of dishwasher usage is hard to distinguish. Dishwashers seemed to 
be not in use from 2am to 9am and 4pm to 6pm. Other indoor uses also follow the pattern of 
toilet uses. 
Conservation Effectiveness of Efficient Water Using Appliances 
Dual Flush Toilets 
Findings indicate that a complete dual flush toilet retrofit in a single-family detached home 
can achieve potential water savings of 2.97 to 9.84Lpcd or from 7.75 to 12.87Lphd. The 
savings from 2001 is lower compared to 2004 due to single flush toilets of 6 and 9L 
capacities while the single flush toilets in 2004 are 9 and 13L at the same time their dual 
flush toilets are mostly 11/6L. 
“AAA” Shower Heads 
A retrofit of a non AAA shower home could result in annual water savings of approximately 
29.5 to 45.1kL per household per year or 8.1 to 9.6kL per person per year. It was also shown 
that households which shower at a lower average flow rate tend to take longer showers. The 
result suggests that greater shower water savings would be available if the AAA occupants 
could reduce the duration of their showers to the level of the non-AAA homes.  
Front Loading Washing Machines 
A front loading washing machine uses less water compared to top loaders per fill leading to 
savings of 15.60 to 16Lpcd or around 6kL/person/year in summer and 26.4Lpcd or 
approximately 9.6kL/person/year in winter. 
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Leak Detection 
Leakage represents a significant component of residential water consumption with 
households wasting an average of 24.7Lpcd in leaks alone. This amounts to nearly 9kL per 
person per year wasted due to leaks. Effective leak detection and repair programs could 
significantly reduce domestic consumption. 
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Chapter 5. End Use Models 
5.1. Introduction 
The contemporary approach to evaluating water conservation programs and forecasting 
water demand normally involves the development of water use models that seek to explain 
variation in total household use. This chapter presents the development of end use models 
using multiple regression analysis as discussed in Section 3.3.6 and based on the results of 
the analysis of end use data. A computer residential indoor water use model is also 
developed based on the end use models developed. 
5.2. End Use Models  
The following sections discuss the development of end use models for total indoor water use 
per household and for each major end use components such as toilet, shower, clothes 
washer, dishwasher, tap and air conditioner. 
5.2.1. Indoor Water Use Model 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily use per household size were calculated and presented in Table 5-1.  
Table 5-1. Average Daily Indoor Use per Household (Feb 2001; Feb 2004; Aug 2004)  
Feb 2001 Feb 2004 Aug 2004 HH 
Size Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
1 224 95.10 2 273 211.06 10 212 114.05 11
2 248 104.67 6 306 121.80 23 291 96.76 16
3 413 231.29 3 563 218.11 16 460 147.80 17
4 569 159.44 10 526 148.42 26 535 203.95 21
5 728 425.14 3 780 285.16 14 701 192.81 10
6   993 305.40 2 899 89.21 3
7   832 350.73 2 685 385.87 2
All   24 93  80
 
The daily indoor water use model was developed using regression analysis (Section 3.3.6) 
with the household size as the independent variable (explanatory variable). The average 
daily indoor use for Feb 2004 monitoring was used to develop the model and the Feb 2001 
  
 121
and Aug 2004 daily indoor water use data were used to verify the daily indoor water use 
model.  
As would be expected, the daily indoor water use increases as household size increases, but 
use per person decreases. For the 93 households logged in Feb 2004, a regression analysis 
between the average daily indoor water use per capita against household size resulted to an 
equation;  
Average Daily Indoor Use per Capita = 236.49 – 16.77Household Size       Equation 5-1 
Based on Equation 5-1, the per capita use in households with only one occupant is 
219.72Lpcd, but this amount decreases to 152.64Lpcd in households with five occupants 
and further decreases to 119.10Lpcd in households with seven occupants (Figure 5-1). This 
confirms results in previous studies (Gato, et al, 2004) that there appear to be efficiencies 
associated with an increase in the number of occupants in a household which could be 
related to the age of the occupants and/or the amount of water needed for cleaning, washing 
clothes and dishes, and general maintenance. 
In order to quantify the increase in total indoor water use with household size, a least 
squares regression line was fitted to the average daily indoor water usage per household per 
day data of the 93 households monitored in Feb 2004 which resulted to the following linear 
equation:  
Average Daily Indoor Use per Household = 143.73 + 116.69 Household Size  
          Equation 5-2 
Equation 5-2 yielded a R2 of 87% which indicates that household size is a major factor 
affecting average daily indoor water use. Equation 5-2 also indicates that there is an increase 
of approximately 117Lphd in water usage for every one person increase in household size 
with a “threshold” indoor water use of around 144Lphd. 
An independent check was undertaken by estimating the average daily indoor water use per 
household using Equation 5-2. The estimated daily indoor water use was compared to 
measured average daily indoor water use recorded in Feb 2001 and Aug 2004 monitoring 
which yielded R2 of 96% and 84% (Figure 5-2). These R2 values showed very strong 
correlation between the recorded and modelled daily indoor water use. 
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Figure 5-1. Average Daily Indoor Water Use per Capita and per Household (Feb 2004) 
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Figure 5-2. Comparison of Average and Modelled Daily Indoor Use per Household (80HH-Aug 
2004; 24HH-Feb 2001) 
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5.2.2. Toilets 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily water use per household size for toilet flushing were calculated and presented 
in Table 5-2.  The average daily water use for toilet flushing per household in Feb 2004 
monitoring was used to develop the daily toilet water use model (Table 5-2). 
Table 5-2. Average Daily Water Use per Household Size for Toilet Flushing (Feb 2001; Feb 
2004; Aug 2004) 
Feb 2001 Feb 2004 Aug 2004 HH 
Size Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
1 23.37 14.53 2 59.55 57.60 10 44.08 26.50 11
2 35.44 15.23 6 63.71 30.69 23 62.71 27.88 16
3 54.71 18.26 3 113.04 49.89 16 84.29 38.08 17
4 58.71 26.18 10 103.24 48.98 26 89.87 41.31 21
5 64.19 4.11 3 125.13 46.78 14 109.15 38.63 10
6   158.27 72.77 2 135.15 47.44 3
7   177.96 68.48 2 148.58 45.18 2
All   24 93  80
 
The following variables were included in the daily toilet flushing model: 
• Household size – as discussed in Section 4.5.1, daily indoor water use increases as 
household size increases. 
• Fraction of dual flush toilet in the household – as discussed in Section 4.3.1, dual 
flush toilet uses less water per flush than single flush toilet.  
• Household members broken down into Adults; Children between 12 and 18 years old; 
and Children 12 years and below. 
Table 5-3 depicts the coefficients and associated goodness-of-fit statistics obtained from the 
regression analysis when different combinations of variables are considered. 
Based on the regression analysis undertaken, Equation 5-3 is obtained with R2 and SE 
values of 94.12% and 11.66 respectively and considered as the final model to estimate the 
daily water use for toilet flushing. 
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Average Daily Toilet Water Use = 35.91 + 19.71 Household Size Equation 5-3 
Equation 5-3 is shown in Figure 5-3 and as Model 5 in Table 4-5 which suggests that 
household size is an important indicator of water use for toilet flushing. This is based on the 
average of daily water use for toilet flushing per household size category. The fraction of dual 
toilet in the household as a parameter was added in Model  6 and the household size was 
broken down into adults, teenagers, and children 12 years and below in Models 7 and 8. 
Although there is an increase in R2, SE values increased and the p-values of these variables 
exceeded 0.05. Thus, Model 5 is considered as the final model. Model 5 suggests that a 
person increase in a one-person household would bring a 35% increase in toilet water use. 
Model 8 also suggest that the impact depends on the age group of the new addition. The 
coefficients imply that the addition of teenagers increases at a lower rate than the addition of 
children 12 years old and below and that of an adult (Table 5-3). 
Analysis of daily average water use for toilet flushing of individual households in each of the 
household size category is also shown in Figure 5-3 and in Table 5-3.  It should be noted that 
large variation in daily water use among households in one household size category exist 
(Figure 5-3). Model 1 is similar to Model 5 without averaging the daily water use in each 
household size category and this yielded a R2 of 24% which is very much lower than the R2 
of Model 5. The low R2 value could be attributed to the large variation in average daily water 
use for toilet flushing among the individual households in each household size category. 
However, this R2 is slightly better than the R2 of 20% obtained in the REWS study (Mayer, et 
al, 1999).  The addition of fraction of dual toilet variable in the household in Model 2 (Table 
5-3) increased the R2, reduced the SE and has a p-value of 0.05 which suggests that the 
fraction of dual flush toilet in the household is a statistically significant variable.  When the 
toilet use model is regressed with household size broken down into adults, teenagers, and 
children 12 years and below, the R2 increase slightly to 28.6% although the parameter, 
children under 12 years is insignificant having a p value of 0.114 (Table 5-3 – Model 3). This 
could be attributed to most of the households (51%) having only adults as household 
members without having a teenager or a child 12 years and below. Model 4 is Model 3 with 
the addition of the variable fraction of dual flush toilet in the household, the R2 increased and 
the SE decreased but the variables,  fraction of dual flush toilet in the household and children 
12 years and below becomes statistically insignificant and both of their p-values exceeded 
0.05. 
An independent check of the average daily toilet water use model (Equation 5-3) was 
undertaken using the average daily toilet use values calculated from Feb 2001 and Aug 2004 
monitoring. The regression of the estimated values for Feb 2001 and Aug 2004 against the 
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modelled values resulted in very strong correlation as reflected by R2 values of 93% and 99% 
respectively (Figure 5-4). 
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Figure 5-3. Average Toilet Water Use per Household against Household Size (Feb 2004)  
 
Table 5-3. Coefficients and Associated Statistics of a Daily Toilet Water Use Model 
Model Intercept HH Size Adults Child> 
12 yrs 
Child< 
12 yrs 
Fraction of 
Dual Flush 
Toilet 
R2 (%) SE 
1 37.92 
(0.002) 
{3.12} 
18.13 
(7.15E-7) 
{5.33} 
 24.01 46.46
2 53.43 
(0.00) 
{3.74} 
19.01 
(2.40E-7) 
{5.63} 
-24.71 
(0.05) 
{-1.99} 
27.25 45.71
3 25.53 
(0.06) 
{1.92} 
 25.12
(1.03E-6)
{5.85}
17.12
(0.01)
{2.51}
8.84
(0.11)
{1.59}
 28.63 45.53
4 40.04 
(0.01) 
{2.56} 
 25.11
(8.43E-7)
{5.31}
18.18
(0.01)
{2.68}
10.44
(0.06)
{1.88}
-20.98 
(0.09) 
{-1.69} 
30.92 45.05
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Model Intercept HH Size Adults Child> 
12 yrs 
Child< 
12 yrs 
Fraction of 
Dual Flush 
Toilet 
R2 (%) SE 
5 35.91 
(0.02) 
{3.64} 
19.71 
(0.00) 
{8.95} 
 94.12 11.66
6 61.78 
(0.12) 
{1.98} 
19.79 
(0.00) 
{8.76} 
-37.06 
(0.43) 
{-0.87} 
95.06 11.94
7 34.45 
(0.28) 
{1.33} 
 22.03
(0.26)
{1.40}
2.63
(0.95)
{0.06}
25.47
(0.08)
{2.65}
 94.81 14.13
8 58.10 
(0.39) 
{1.09} 
 20.85
(0.37)
{1.15}
7.98
(0.88)
{0.16}
24.19
(0.16)
{2.15}
-31.79 
(0.64) 
{-0.54} 
95.48 16.17
Values in brackets are p-value ( ) and t statistics { } 
y = 0.88x - 4.22
R2 = 0.99
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Figure 5-4. Comparison of Average and Modelled Daily Toilet Water Use per Household 
(Feb 2001 and Aug 2004) 
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5.2.3. Showers 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily water use for shower per household size were calculated and presented in 
Table 5-4.  The average daily water use for shower per household in Feb 2004 monitoring 
was used to develop the daily shower water use model (Table 5-4). 
Table 5-4. Average Daily Water Use for Shower per Household Size (Feb 2001; Feb 2004; Aug 
2004) 
Feb 2001 Feb 2004 Aug 2004 HH 
Size Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
Mean 
(Lphd) 
S Dev. 
(Lphd) 
No. of 
HH  
1 100.54 11.57 2 100.14 73.18 10 70.02 28.78 11
2 96.28 48.57 6 106.98 55.65 23 93.73 54.08 16
3 134.55 45.22 3 170.63 79.24 16 145.62 87.97 17
4 239.51 65.38 10 154.09 72.34 26 174.32 106.26 21
5 371.19 302.70 3 237.81 116.77 14 190.68 71.96 10
6   284.25 66.62 2 290.02 8.70 3
7   233.07 230.38 2 274.13 257.40 2
All   24 93  80
 
The explanatory variables included in the daily shower water use regression model includes 
household size and broken down into Adults; Children between 12 and 18 years old; and 
Children 12 years and below. 
Table 5-5 shows the coefficients and associated goodness-of-fit statistics obtained from the 
regression analysis when different combinations of variables are considered for the daily 
water use for shower model. 
Based on a regression line fitted in a scatter diagram of shower water use against household 
size, Equation 5-4 is obtained with R2 and SE values of 94.12% and 11.66 respectively and 
considered as the final model to estimate the daily water use for shower. 
Average Daily Shower Water Use = 66.63 + 29.30 Household Size Equation 5-4 
Equation 5-4 is shown in Figure 5-5 and as Model 3 in Table 5-5 which suggests that 
household size is an important indicator of water use for shower. This is based on the 
average of daily water use for shower per household size category. The household size 
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broken down into adults, teenagers, and children 12 years and below was added as 
parameters in Model 4. Although there is an increase in R2, SE values increased and the p-
values of these variables exceeded 0.05. Thus, Model 3 is considered as the final model. 
Model 3 suggests that a person increase in a one-person household would bring around 70% 
increase in shower water use. Model 4 also suggest that the impact depends on the age 
group of the new addition. The coefficients imply that the addition of children 12 years old 
and below increases at a lower rate than the addition of teenagers and that of an adult (Table 
5-5). 
Analysis of daily average water use for shower of individual households in each of the 
household size category is also shown in Figure 5-5 and in Table 5-5.  It should be noted that 
large variation in daily water use among households in one household size category exist 
(Figure 5-5). Model 1 is similar to Model 3 without averaging the daily water use in each 
household size category and this yielded a R2 of 23% which is very much lower than the R2 
of Model 3. The low R2 value could be attributed to the large variation in average daily water 
use for shower among the individual households in each household size category. However, 
this R2 is slightly better than the R2 of 21% obtained in the REWS study (Mayer, et al, 1999).  
When the shower use model is regressed with household size broken down into adults, 
teenagers, and children 12 years and below in Model 2, the R2 increase slightly to 35% but 
the parameter, children under 12 years is insignificant having a p value of 0.652 (Table 5-5). 
Again, like the toilet water use model, this could be attributed to most of the households 
(51%) having only adults as household members without having a teenager or a child 12 
years and below. 
The shower water use model was verified using average daily shower use per household 
size calculated from Feb 2001 and Aug 2004 monitoring yielding a strong to very strong 
correlation with R2 of 85% and 94% respectively (Figure 5-6). 
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Figure 5-5. Average Daily Shower Use per Household against Household Size 
 
Table 5-5. Coefficients and Associated Statistics for Alternative Daily Shower Use Model 
Model Intercept HH Size Adults Child>12 yrs Child<12 yrs R2 (%) SE 
1 54.05
(0.02)
{2.48}
31.28 
(1.57E-6) 
{5.14} 
 22.71 83.11
2 17.98
(0.42)
{0.80}
 51.63
(7.83E-9)
{6.38}
28.34
(0.02)
{2.46}
4.24 
(0.65) 
{0.45} 
35.16 76.99
3 66.63
(0.06)
{2.41}
29.30 
(0.00) 
{4.74} 
 81.81 32.70
4 30.78
(0.65)
{0.50}
 46.92
(0.30)
{1.26}
44.10
(0.68)
{0.45}
8.64 
(0.73) 
{0.38} 
88.68 33.43
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Figure 5-6. Comparison of Average and Modeled Daily Shower Water Use per Household (Feb 
2001 & Aug 2004) 
5.2.4. Washing Machines 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily water use for laundry per household size were calculated and presented in 
Table 5-6.  The average daily water use for laundry per household in Feb 2004 monitoring 
was used to develop the daily laundry water use model (Table 5-6). 
Table 5-6. Average Daily Water Use for Laundry per Household Size, Lphd 
Mean Std Dev Type No. of HH HH Size 
Feb 2001 (24HH) 
1 68.89 14.19 0.00 2
2 65.00 39.40 0.00 6
3 53.26 61.60 0.33 3
4 119.24 73.48 0.20 10
5 96.07 45.43 0.67 3
 Feb 2004 (91HH) 
1 108.53 33.55 0.30 10
2 129.83 64.33 0.29 21
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3 138.39 45.81 0.19 16
4 143.98 34.70 0.08 26
5 159.81 54.93 0.14 14
6 187.31 14.01 0.00 2
7 126.36 32.03 0.50 2
 Aug 2004 (79HH) 
1 47.53 33.05 0.27 10
2 70.74 38.91 0.25 16
3 125.08 70.89 0.18 17
4 148.43 99.43 0.05 21
5 219.59 104.17 0.10 10
6 271.70 135.27 0.00 3
7 102.75 35.96 0.50 2
 
The explanatory variables included in the daily laundry water use regression model are 
similar to the variables used in the daily water use for shower model (Section 4.5.3); 
household size, household size broken down into Adults; Children between 12 and 18 years 
old; and Children 12 years and below with the addition of another parameter, type of clothes 
washer. As discussed in Section 4.3.1, top loaders used twice much water as front loaders. 
In the development of daily laundry water use model, the top loader was taken as zero while 
the front loader was taken as one. 
Table 5-7 depicts the coefficients and associated goodness-of-fit statistics obtained from the 
regression analysis when different combinations of variables are considered for the daily 
laundry water use model. 
Based on a multiple regression analysis undertaken between the average daily laundry water 
use against different variables, Equation 5-5 is obtained with R2 and SE values of 90.74% 
and 9.50 respectively and considered as the final model to estimate the daily water use for 
laundry. 
Average Daily Laundry Water Use = 140.11 + 6.72 Household Size – 116.92 Washer 
Type     Equation 5-5 
Equation 5-5 is shown as Model 5 in Table 5-7 which suggests that the type of clothes 
washer and household size are major explanatory variables in daily water use for laundry. 
This is based on the average of daily water use for laundry per household size category. In 
Model 7, the household size broken down into adults, teenagers, and children 12 years and 
below was added as parameters. Although there is an increase in R2, SE values increased 
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and the p-values of these variables exceeded 0.05 which means that these added variables 
are not statistically significant. Thus, Model 5 is considered as the final model. Model 5 
suggests that using a front loader would lead to a reduction in water use for laundry of 
around 81% (119Lphd) and a person increase in a one-person household would bring an 
increase in water use for laundry of approximately 7Lphd. Model 7 also suggest that the 
impact depends on the age group of the new addition. The coefficients imply that the addition 
of an adult increases the water usage for laundry at a lower rate than an addition of a child 
12 years old and below and that of a teenager (Table 5-7). 
Analysis of daily average water use for laundry of individual households in each of the 
household size category is also shown in Figure 5-7 and in Table 5-7.  It should be noted that 
large variation exists in daily water use among households in one household size category 
(Figure 5-7). Model 1 is similar to Model 4 without averaging the daily water use in each 
household size category and this yielded a R2 of 7% which is very much lower than the R2 of 
Model 4 of 33%. The low R2 value could be attributed to the large variation in average daily 
water use for laundry among the individual households in each household size category. 
Model 2 is Model 1 with the addition of the type of the clothes washer, the R2 increased to 
36% and the SE values decreased with corresponding p-values lower than 0.05. When the 
laundry use model is regressed with household size is broken down into adults, teenagers, 
and children 12 years and below in Model 3, the R2 increase slightly to 37% but these 
parameters became statistically insignificant having a p value greater than 0.05 (Table 5-7). 
The resulting R2 however is slightly better than the R2 of the clothes washer use model in the 
REWS study which is 15% (Mayer et al. 1999).   
The laundry water use model was verified using average daily laundry water use per 
household size and the washer type calculated and determined from Feb 2001 and Aug 
2004 monitoring yielding a weak and very strong correlation with R2 of 2% and 92% 
respectively (Figure 5-8). 
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Figure 5-7. Daily Water Use for Laundry per Household against Household Size, Feb 2004 
 
Table 5-7. Statistics and Associated Coefficients of the Daily Laundry Water Use Model 
Model Intercept HH Size Washing 
Machine Type 
Adults Child> 
12 yrs 
Child< 
12 yrs 
R2 (%) SE 
1 108.41
(2.32E-13)
{8.62}
9.23 
(0.01) 
{2.64} 
 7.24 47.63
2 129.68
(9.49E-20)
{11.76}
6.64 
(0.03) 
{2.25} 
-68.12
(1.09E-8)
{-6.31}
 36.14 39.75
3 129.54
(6.27E-17)
{10.43}
 6.34
(0.14)
{1.47}
11.77
(0.06)
{1.90}
3.15 
(0.52) 
{0.65} 
37.02 39.93
4 114.90
(0.00)
{5.95}
6.78 
(0.18) 
{1.57} 
 33.02 22.86
5 140.11
(0.00)
6.72 
(0.02) 
-116.92
(0.01)
 90.74 9.50
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Model Intercept HH Size Washing 
Machine Type 
Adults Child> 
12 yrs 
Child< 
12 yrs 
R2 (%) SE 
{14.77} {3.74} {-4.99}
6 81.85
(0.06)
{2.95}
 23.78
(0.23)
{1.51}
19.80
(0.65)
{0.50}
-13.18 
(0.29) 
{-1.27} 
80.48 15.93
7 120.62
(0.03)
{5.27}
 -117.46
(0.13)
{-2.49}
19.44
(0.18)
{2.01}
-23.37
(0.51)
{-0.79}
10.18 
(0.46) 
{0.90} 
95.24 9.63
Values in brackets are p-value ( ) and t statistics { } 
y = 3.23x - 326.01
R2 = 0.92
y = -0.15x + 100.69
R2 = 0.02
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Figure 5-8. Comparison of Average and Modelled Daily Laundry Water Use per Household (Feb 
2001 & Aug 2004) 
 
5.2.5. Dishwashers 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily water use for dishwasher per household size were calculated and presented in 
Table 5-8.  The average daily water use for laundry per household in Feb 2004 monitoring 
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was used to develop the daily laundry water use model (Table 5-8). As stated in Section 
4.2.1, dishwasher use was only recorded in Feb 2004 and Aug 2004 monitoring. 
Table 5-8. Average Daily Water Use for Dishwasher per Household Size (Feb 2001; Feb 2004; 
Aug 2004) 
Feb 2004 Aug 2004 HH 
Size Mean (Lphd) S Dev. (Lphd) No. of HH Mean (Lphd) S Dev. (Lphd) No. of HH 
1 12.59 10.58 5 6.19 5.95 5
2 10.14 6.76 12 10.68 8.84 7
3 14.10 6.05 10 11.67 7.75 13
4 12.13 6.31 20 12.46 8.02 15
5 13.94 8.10 12 16.88 3.31 6
6 4.34 - 1 10.58 10.42 3
7 39.41 6.85 2 25.75 14.59 2
All  62  51
 
The explanatory variables included in the daily dishwasher water use regression model are 
similar to the variables used in the daily water use for shower model (Section 4.5.3) which 
included the household size and household size broken down into Adults; Children between 
12 and 18 years old; and Children 12 years and below. Table 5-9 depicts the coefficients and 
associated goodness-of-fit statistics obtained from the regression analysis when different 
combinations of variables are considered for the daily dishwasher water use model. 
Based on a multiple regression analysis undertaken between the average daily dishwasher 
water use against different variables, Equation 5-6 is obtained with R2 of 48% and 
considered as the final model to estimate the daily water use for dishwasher. 
Average Daily Dishwasher Water Use = 1.52X2 – 9.67X + 23.61  Equation 5-6 
Equation 5-6 as shown in Figure 5-9 is a polynomial function where X is equal to the 
household size. Model 1 in Table 5-9 is an analysis of daily average water use for 
dishwasher of individual households in each of the household size category which yielded a 
R2 of 9%.  It should be noted that large variation exists in daily water use among households 
in one household size category (Figure 5-9). The low R2 value could be attributed to the large 
variation in average daily water use for dishwasher among the individual households in each 
household size category. The resulting R2 however is slightly better than the R2 of the 
dishwasher use model in the REWS study which is 3% (Mayer, et al, 1999).  Model 2 is 
  
 136
Model 1 with the household size broken down into adults, teenagers, and children 12 years 
and below, the R2 increase slightly to 11% but the parameter, teenagers became statistically 
insignificant having a p value greater than 0.05 (Table 5-9). Model 3 is similar to Model 1 but 
is based on the average of daily water use for dishwasher per household size category. The 
R2 improved to 22% because the variation in daily dishwasher water use within each 
household size category was removed. Model 4 is similar to Model 3 with the household size 
broken down into adults, teenagers, and children 12 years and below. Although there is an 
increase in R2, SE values increased and the p-values of these variables exceeded 0.05 
which means that these added variables are not statistically significant. When the average 
daily dishwasher water use was tested as a polynomial function of the household size, the R2 
improved to 48%, thus this function was considered as the final model. Model 4 suggests 
that a person increase in a one-person household would bring an increase in water use for 
dishwasher of approximately 2.45Lphd (31%). Model 2 also suggest that the impact depends 
on the age group of the new addition. The coefficients imply that the addition of an adult and 
children 12 years and below increases the water usage for dishwasher at a higher rate than 
an addition of a teenager (Table 5-9). 
The dishwasher water use model was verified using average daily dishwasher water use per 
household size a calculated from Aug 2004 monitoring yielding a strong correlation with R2 of 
74% (Figure 5-6). 
y = 1.52x2 - 9.67x + 23.61
R2 = 0.48
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Figure 5-9. Daily Average Water Use for Dishwasher per Household against Household Size 
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Table 5-9. Coefficients and Associated Statistics of the Daily Dishwasher Water Use Model 
Model Intercept HH Size Adults Child> 12 yrs Child< 12 yrs R2 (%) SE 
1 6.84 
(0.02) 
{2.44} 
1.80 
(0.02) 
{2.45} 
 9.08 
 
8.18
2 6.89 
(0.03) 
{2.20} 
 1.86
(0.08)
{1.78}
0.58
(0.69)
{0.40}
2.59 
(0.03) 
{2.26} 
10.88 8.23
3 5.42 
(0.58) 
{0.60} 
2.45 
(0.28) 
{1.21} 
 22.52 10.77
4 -7.70 
(0.69) 
{-0.44} 
 11.70
(0.30)
{1.25}
-29.93
(0.39)
{-1.01}
10.11 
(0.30) 
{1.26} 
45.03 11.71
Values in brackets are p-value ( ) and t statistics { } 
y = 0.07x2 - 2.03x + 25.41
R2 = 0.736
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Figure 5-10. Comparison between Modelled and Average Daily Dishwasher Water Use 
(Aug 2004) 
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5.2.6. Taps 
Based on the analysis of end use data (Section 4.3.1) the average and standard deviation of 
average daily water use for taps per household size were calculated and presented in Table 
5-10.  The average daily water use for tap per household in Feb 2004 monitoring was used 
to develop the daily tap water use model (Table 5-11). As stated in Section 4.2.1, tap use 
was disaggregated from the total household water use in Feb 2004 and Aug 2004 monitoring 
because of the use of the computer software, Trace Wizard in the disaggregation of end use 
components. In Feb 2001 monitoring, household residents were not asked to record the time 
of their tap usage and the flow data was disaggregated manually so it was impossible to 
identify tap use.  
Table 5-10. Average Daily Tap Water Use per Household Size (Feb 2004; Aug 2004) 
Feb 2004 Aug 2004 HH 
Size Mean (Lphd) S Dev. (Lphd) No. of HH Mean (Lphd) S Dev. (Lphd) No. of HH 
1 53.85 33.83 10 31.37 16.65 11
2 49.04 24.71 23 51.11 24.45 16
3 98.54 48.46 16 64.96 29.75 17
4 91.36 34.72 26 78.40 38.09 21
5 141.47 62.92 14 117.71 62.18 10
6 299.90 266.43 2 148.26 65.34 3
7 163.80 91.67 2 110.84 65.57 2
All  93  80
 
The explanatory variables included in the daily tap water use regression model are similar to 
the variables used in the daily water use for shower model and for dishwasher model 
(Sections 4.5.3 and 4.5.5) with the addition of the presence of dishwasher to determine the 
effect of dishwasher on tap usage to households with dishwasher.  Table 5-11 depicts the 
coefficients and associated goodness-of-fit statistics obtained from the regression analysis 
when different combinations of variables are considered for the daily tap water use model. 
Based on a multiple regression analysis undertaken between the average daily tap water use 
against different variables, Equation 5-7 is obtained with R2 of 61% and considered as the 
final model to estimate the daily tap water use. 
Average Daily Tap Water Use = 3.35 + 31.23 Household Size  Equation 5-7 
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Model 1 in Table 5-11 is an analysis of daily average water use for taps of individual 
households in each of the household size category which yielded a R2 of 33%.  It should be 
noted that large variation exists in daily water use among households in one household size 
category (Figure 5-11). The low R2 value could be attributed to the large variation in average 
daily water use for taps among the individual households in each household size category. 
The resulting R2 however is better than the R2 of the faucet use model in the REWS study 
which is 18% (Mayer et al. 1999).  Model 2 is Model 1 with the addition of the dishwasher as 
a parameter, the R2 increased to around 35% and the SE almost remain constant. Model 3 is 
similar to Model 1 with the household size broken down into adults, teenagers, and children 
12 years and below, the R2 increased to 37% and SE slightly decreased and all the 
parameters are statistically significant having a p value lower than 0.05 (Table 5-11). Model 4 
is similar to Model 3 but with the addition of the parameter, dishwasher presence. The R2 
increased slightly to 39% and the SE almost remained unchanged. Model 5 is similar to 
Model 1 but is based on the average of daily water use for tap per household size category. 
The R2 improved to 61% because the variation in daily tap water use within each household 
size category was removed. Model 6 is similar to Model 5 with the household size broken 
down into adults, teenagers, and children 12 years and below. Although there is an increase 
in R2, SE values increased and the p-values of these variables exceeded 0.05 which means 
that these added variables are not statistically significant. Model 7 is similar to Model 5 with 
the addition of dishwasher presence as a parameter, the R2 significantly improved to 97%, 
the SE value also significantly decreased from 73Lphd to 20Lphd and the parameters in this 
model are all statistically significant having p values lower than 0.05 (Table 5-11). When the 
household size was broken down into adults, teenagers, and children 12 years and below in 
Model 7 for Model 8, there is no significant improvement in the R2 value, the SE value 
increased and the parameters adults, teenagers and children 12 years and below became 
statistically insignificant. Although Models 7 and 8 yielded higher R2 values but the 
coefficients for dishwasher presence implied that with households with dishwashers 
consumed less water than those without dishwashers which is also what was reflected in 
Models 2 and 4 but in Models 7 and 8 the coefficients suggested that households with 
dishwashers will have to have at least 4 persons in the household before there is water use 
for taps. The higher negative coefficient for dishwasher ownership was due to majority of the 
households from three-person to seven-person households own dishwashers compared to 
one to two-person households. For this reason Model 5 was considered as the final model. 
Model 5 implies that a person increase in a one-person household would bring an increase in 
water use for tap of approximately 90%. Models 3, 4, 6 and 8 also suggest that the impact 
depends on the age group of the new addition. The coefficients imply that the addition of 
children 12 years and under increases the water usage for taps at a lower rate than an 
addition of an adult or of a teenager (Table 5-11). 
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The tap water use model was verified using average daily dishwasher water use per 
household size calculated from Aug 2004 monitoring yielding a strong correlation with R2 of 
83% (Figure 5-12). 
y = 26.29x + 5.75
R2 = 0.33
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Figure 5-11. Daily Average Tap Use per Household against Household Size 
 
Table 5-11. Coefficients and Associated Statistics of a Daily Tap Use Model 
Model Intercept HH Size D’washer 
Ownership
Adults Child> 
12 yrs 
Child< 
12 yrs 
R2 (%) SE 
1 5.75 
(0.68) 
{0.42} 
26.29 
(1.27E-9) 
{6.76} 
  33.45 53.33
2 12.246 
(0.41) 
{0.83} 
27.470 
(7.8E-10) 
{6.88} 
-15.06
(0.22)
{-1.23}
 34.55 53.18
3 -9.43 
(0.54) 
{-0.62} 
 35.00
(8.06E-9)
{6.37}
21.62
(0.01)
{2.76}
17.46 
(0.01) 
{2.74} 
37.26 52.36
4 -2.66 
(0.87) 
{-0.17} 
 -17.23
(0.16)
{-1.43}
36.72
(3.47E-9)
{6.57}
22.90
(0.00)
{2.92}
18.34 
(0.00) 
{2.88} 
38.68 52.06
5 3.35 31.23   60.76 59.40
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Model Intercept HH Size D’washer 
Ownership
Adults Child> 
12 yrs 
Child< 
12 yrs 
R2 (%) SE 
(0.95) 
{0.07} 
(0.04) 
{2.78} 
6 -15.09 
(0.92) 
{-0.11} 
  37.69
(0.68)
{0.46}
69.13
(0.77)
{0.32}
9.03 
(0.87) 
{0.18} 
64.42 73.02
7 169.26 
(0.00) 
{5.52} 
50.34 
(0.00) 
{10.58} 
-347.66
(0.00)
{-6.44}
 96.55 19.69
8 165.18 
(0.11) 
{2.83} 
 -339.28
(0.04)
{-4.92}
47.15
(0.23)
{1.70}
80.51
(0.38)
{1.11}
38.40 
(0.16) 
{2.15} 
97.28 24.72
Values in brackets are p-value ( ) and t statistics { } 
y = 0.56x + 14.88
R2 = 0.83
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Figure 5-12. Comparison between Average Daily Tap Water Use per Household Size and 
Modelled Average Daily Tap Water Use per Household (Aug 2004) 
5.2.7. Air Conditioners 
As stated in Section 4.3.1, water use for air conditioner was disaggregated from the total 
household water use only in Feb 2004 monitoring because air conditioners were not used 
during winter (Aug 2004) monitoring and in Feb 2001, household respondents were not 
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asked to record the time of their air conditioner’s usage and the flow data was disaggregated 
manually so it was impossible to identify air conditioner’s use.  
The explanatory variables included in the daily water use for air conditioner regression model 
includes: 
• Temperature > 21°C as discussed in Section 4.3.1 and as shown in Figure 5-13, 
most households turned on their air conditioners once the temperature exceeded 
20°C. 
• Weekends or weekdays to determine the effect of weekends and weekdays with 
weekends taken as 1 and weekdays taken as zero. 
• Duration in hours as discussed in Section 4.3.1, households turned their air 
conditioners at various duration. 
• Relative Humidity to determine if relative humidity has an effect on people’s decision 
to turn on their air conditioners. 
• Type of Air Conditioner to determine if the type of air conditioner affect the water used 
in air conditioning system with Evaporative Coolers taken as one and Reverse Cycle 
and other types taken as zero. 
y = 0.022x2 - 0.665x + 9.069
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Figure 5-13. Air Conditioners Usage against Temperature 
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The coefficients and associated goodness-of-fit statistics obtained from the regression 
analysis when different combinations of variables are considered for the daily air conditioner 
water use model are presented in Table 5-12. 
Based on a multiple regression analysis undertaken between the average daily conditioner 
water use against different variables, Equation 5-8 is obtained with R2 of 55% and 
considered as the final model to estimate the daily air conditioner water use. 
Average Daily Air Conditioner Water Use = -17.20 + 13.47Temp>21°C + 94.57 
Weekends/Weekdays + 10.05 Duration    Equation 5-8 
Model 1 in Table 5-12 is regression analysis of daily average water use for air conditioners of 
individual households against temperature higher than 21°C which yielded a R2 of 42% and 
SE value of 147Lphd. The resulting R2 value suggests that there are other factors driving air 
conditioner’s water use aside from temperature. A comparison with other air conditioner’s 
water use model could not be undertaken due to non-availability of similar models from other 
end use studies. Model 2 is Model 1 with the addition of a parameter weekends and 
weekdays, the R2 increase to 50%, the SE value decreased to 137Lphd and the p-value is 
much lower than 0.05 (Table 5-12). This implies that the addition of the parameter, 
Weekends/Weekdays is statistically significant. Model 3 is Model 2 but with the addition of 
another parameter, Duration. The R2 improved to 55% and SE value further reduced to 
131Lphd with all the three parameters having p-values lower than 0.05. This again suggests 
that the addition of the parameter, Duration to Model 2 is statistically significant. Model 4 is 
Model 3 with the addition of another parameter, Relative Humidity, the R2 value increased to 
56%, SE value slightly reduced to 130Lphd but the p-value of this additional parameter is 
greater than 0.05 which means that it is statistically insignificant. The type of air conditioner 
was added as a parameter in Model 4 to become Model 5. The resulting R2 and SE values 
were almost unchanged and the p-value exceeded 0.05, thus Model 3 was taken as the final 
model for air conditioner’s water use model.  
Due to non-availability of data for air conditioner’s water use for other periods, the model 
developed using Feb 2004 logging data was not independently checked. 
Table 5-12. Coefficients and Associated Statistics of the Daily Air Conditioner's Water Use 
Model 
Model Intercept Temp> 
21°C 
W’ends/
W’days 
Duration 
(Hours) 
Relative 
Humidity 
Type R2 (%) SE 
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Model Intercept Temp> 
21°C 
W’ends/
W’days 
Duration 
(Hours) 
Relative 
Humidity 
Type R2 (%) SE 
1 2.96 
(0.87) 
{0.17} 
18.29 
(4.54E-22) 
{11.16} 
 42.13 146.96
2 -20.44 
(0.23) 
{-1.20} 
16.43 
(5.2E-20) 
{10.43} 
115.99
(8.83E-7)
{5.10}
 49.82 137.25
3 -17.20 
(0.29) 
{-1.06} 
13.47 
(6.96E-14) 
{8.17} 
94.57
(3.41E-5)
{4.26}
10.05
(2.91E-5)
{4.30}
 54.76 130.70
4 -96.37 
(0.06) 
{-1.89} 
16.30 
(1.33E-10) 
{6.85} 
79.90
(0.00)
{3.35}
15.35
(6.34E-5)
{4.10}
1.50
(0.10)
{1.64}
 55.48 130.05
5 -101.83 
(0.11) 
{-1.59} 
16.32 
(1.6E-10) 
{6.82} 
79.85
(0.00)
{3.34}
15.44
(7.51E-5)
{4.06}
1.52
(0.10)
{1.64}
5.12 
(0.89) 
{0.14} 
55.48 130.43
Values in brackets are p-value ( ) and t statistics { } 
 
5.3. The Computer Residential Indoor Water Use Model 
Based on the end use analysis in Chapter 4 and on the end use models in Section 5.2, a 
computer residential water use household-based model is developed. The computer based 
model will enable household residents to estimate their average indoor water usage and the 
water usage by each major end use components such as toilet, shower, clothes washer, tap, 
and dishwasher.  
A GIS-based residential indoor water use model by suburbs was also developed. This model 
calculates the average daily indoor water use for each suburb in Greater Melbourne, 
Australia using the regression equations developed for end uses of water in Section 5.2 and 
the ABS 2001 Census data. 
These computer models could be run in a PC with a Java internet enabled browser without 
the need of logging into the internet. 
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5.3.1. Computer Residential Indoor Water Use Model Attributes 
The computer residential model developed in this chapter is simply a collection of objects, 
with properties, relationships to each other and definable behaviour (Figure 5-14). 
The objects or entities considered in the residential indoor model are: 
• Household 
• Person 
• Shower 
• Clothes Washer 
• Toilet 
• Bath 
• Dish Washer 
• Taps (faucet) 
• Hot Water 
• Evaporative Cooler 
• Spa 
These objects are related to other objects such as: 
• Every person is a member of a household 
• All households have a toilet, a tap, a shower, a clothes washer, a dishwasher, a hot 
water system, an evaporative cooler and a spa. 
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Figure 5-14. The computer household model 
 An object has the following attributes as discussed in Chapter 4: 
• A shower has a flow rate (L/min) 
• A clothes washer has a use capacity (L/load) 
• A toilet has a use capacity (L/flush) 
• A dishwasher has a use capacity (L/load) 
• A water tap has a flow rate (L/min) 
The household model contains several behavioural rules based on the end use models 
developed in Section 5.2: 
• The total indoor water use is proportional to the number of persons in the household 
(Section 5.2.1). 
• The total water use for toilet flushing is proportional to the number of persons in the 
household (Section 5.2.2). 
• A person takes a shower in any given day with a probability p ≤ 1.0 (Section 4.3). 
• The total water use for clothes washing is proportional to the number of persons in 
the household (Section 5.2.4). 
• The total water use for dish washing is proportional to the number of persons in the 
household (Section 5.2.5). 
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• The total water use for tap is proportional to the number of persons in the household 
(Section 5.2.6). 
 
5.3.2. Computer Residential Indoor Water Use Format and Capacity 
The Residential Indoor Water Use Estimation program is a Java Applet, which is designed to 
run within a Java enabled Web-browser (i.e. MS Internet Explorer) either on-line or off-line. 
The applet has a drop-down menu, buttons, output text area and input slider panel (Figure 
5-15). The input slider panel is used to specify the average number of persons per 
household, the proportion of front loader clothes washers and the proportion of AAA-rated 
shower. 
The buttons and drop-down menu is use to request for estimates of average water use per 
household for total indoor, shower, clothes washer, dish washer, taps, toilets and air 
conditioning system (Figure 5-16) based on the regression models developed in Section 5.2.  
Using the input slider panel to specify the average number of households to 2.5, the 
proportion of front loader washer to 0% and the proportion of AAA-rated shower to 0.5%, the 
average daily indoor water use, shower water use and clothes washer use are calculated in 
Lphd or Lpcd (Figure 5-16, Figure 5-17 and Figure 5-18). 
 
Figure 5-15. The Residential Indoor Water Use Model Menu 
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Figure 5-16. Residential Indoor Water Use Model Estimate of Indoor Water Use 
 
Figure 5-17. Residential Indoor Water Use Model Estimate of Shower Use 
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Figure 5-18. Residential Indoor Water Use Model Estimate of Clothes Washer Use 
The GIS-based Residential Indoor Water Use model estimates average total indoor water 
use in a suburb or multiple suburbs. By clicking in a particular suburb, eg, East Doncaster, a 
window with attribute data will pop-up showing the average daily indoor water use for East 
Doncaster (Figure 5-19). By clicking seven suburbs (Figure 5-20), a window with attribute 
data showing the average daily indoor water use for each of the seven suburbs will pop-up. 
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Figure 5-19. GIS-based Residential Indoor Water Use Model Estimate for Single Zone 
  
 151
 
 
 
Figure 5-20. GIS-based Residential Indoor Water Use Model Estimate for Multiple Zones 
 
5.4. Summary 
This chapter highlights the developmental processes involved in end use modelling. The end 
use models developed confirm some previous beliefs and what we consider as obvious as 
well as offered additional insights on what affects water use. These models also point out 
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important relationships between specific end uses and socio-economic factors obtained 
through survey. 
Interpretation of the end use modelling undertaken include the following relationships 
between the end uses of water and various socio-economic factors: 
Indoor Water Use Model 
As would be expected, the daily indoor water use increases as household size increases, but 
use per person decreases using Feb 2004 data. It was found out that the per capita use in 
households with only one occupant is 219.72Lpcd, but this amount decreases to 152.64Lpcd 
in households with five occupants and further decreases to 119.10Lpcd in households with 
seven occupants. This confirms results in previous studies (Gato et al. 2004) that there 
appear to be efficiencies associated with an increase in the number of occupants in a 
household which could be related to the age of the occupants and/or the amount of water 
needed for cleaning, washing clothes and dishes, and general maintenance. 
The total indoor water use was found to have a very strong correlation with household size 
which suggests that household size is a major factor affecting average daily indoor water use 
and that there is an increase of approximately 117Lphd in water usage for every one person 
increase in household size with a “threshold” indoor water use of around 144Lphd.  
Toilets 
The model developed for toilet flushing implies that household size is an important indicator 
of water use for toilet flushing with a person increase in a one-person household would bring 
a 35% increase in toilet water use. However, the impact depends on the age group of the 
new addition, the addition of teenagers increases at a lower rate than the addition of children 
12 years old and below and that of an adult. 
Showers 
The model developed for shower also revealed that household size is an important indicator 
of water use for shower with a person increase in a one-person household would bring 
around 70% increases in shower water use. The average daily shower water use model also 
suggest that the impact depends on the age group of the new addition with the addition of 
children 12 years old and below increases at a lower rate than the addition of teenagers and 
that of an adult. 
 
Washing Machines 
  
 153
The model developed for clothes washer suggests that the type of clothes washer and 
household size are major explanatory variables in daily water use for laundry. Using a front 
loader would lead to a reduction in water use for laundry of around 81% (119Lphd) and a 
person increase in a one-person household would bring an increase in water use for laundry 
of approximately 7Lphd. Analysis also suggest that the impact depends on the age group of 
the new addition with the addition of an adult increases the water usage for laundry at a 
lower rate than an addition of a child 12 years old and below and that of a teenager. 
Dishwashers 
Household size is also a major factor affecting water use for dishwasher and suggests that a 
person increase in a one-person household would bring an increase in water use for 
dishwasher of approximately 2.45Lphd (31%). Analysis also suggest that the impact depends 
on the age group of the new addition with the addition of an adult and children 12 years and 
below increases the water usage for dishwasher at a higher rate than an addition of a 
teenager. 
Taps 
Like the other end uses of water discussed previously, household size yielded a very strong 
correlation with water use for taps. The model developed for tap water use implies that a 
person increase in a one-person household would bring an increase in water use for tap of 
approximately 90%. Analysis also suggest that the impact depends on the age group of the 
new addition with the addition of children 12 years and under increases the water usage for 
taps at a lower rate than an addition of an adult or of a teenager. 
Air Conditioners 
The model for daily average water use for air conditioners of individual households showed a 
good correlation against temperature higher than 21°C; weekends and weekdays; and 
duration. 
Residential Indoor Water Use Model 
Based on the end use analysis in Chapter 4 and on the end use models in Section 5.2, a 
computer residential water use household-based model was developed. The computer 
based model will enable household residents to estimate their average indoor water usage 
and the water usage by each major end use components such as toilet, shower, clothes 
washer, tap, and dishwasher.  
A GIS-based residential indoor water use model by suburbs was also developed. This model 
calculates the average daily indoor water use for each suburb in Greater Melbourne, 
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Australia using the regression equations developed for end uses of water in Section 5.2 and 
the ABS 2001 Census data. 
The Residential Indoor Water Use Estimation program is a Java Applet, which is designed to 
run within a Java enabled Web-browser (i.e. MS Internet Explorer) either on-line or off-line. 
The applet has a drop-down menu, buttons, output text area and input slider panel which is 
used to specify the average number of persons per household, the proportion of front loader 
clothes washers and the proportion of AAA-rated shower. The buttons and drop-down menu 
is use to request for estimates of total indoor water use, shower water use and clothes 
washer water use.  
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Chapter 6. Water Supply Distribution Zone Data Analysis  
6.1. Introduction 
In order to meet one of the objectives stated in Section 1.2, specifically the development of a 
daily urban residential water demand model, the analysis of a residential water supply 
distribution zone data was undertaken adopting the methodology described in Section 3.4. 
The analysis presented in this chapter was also undertaken to show that there are variation 
in daily urban residential water demand that could be better explained through end use data 
which further provide a valuable tool for assessing the effectiveness of conservation 
programs. 
The discussion of this chapter follows the sequence presented in Figure 6-1. 
Discussion
Project Area
Demand Profiles
Daily Usage
Seasonal Usage
Annual Usage
Modeling Urban Water Demand
Summer & Winter Demand Profiles
Weekdays & Weekends Demand Profiles
Trends in Demand Profiles
Factors Influencing Urban Water Demand
Development of Daily Urban Water Demand Model
Monthly Usage
  
Figure 6-1. Layout of the Discussion of Water Supply Zone Distribution Data Results 
6.2. Project Area 
As reported in Gato et al. (2003), East Doncaster is located 18km east of Melbourne Central 
Business District (Figure 6-2). It is a fully developed “residential area” that has little to no 
commercial and industrial areas. It has been one of the areas in the eastern suburbs with 
high residential developments over the last 20 years. It is a large residential suburb in 
Melbourne’s outer east. It is for this reason that East Doncaster was chosen for this study. 
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Commercial and industrial areas have different water needs, thus exhibiting different 
consumption trends. This study assumes that East Doncaster is purely a residential zone. 
 
Port Phillip Bay 
Greater Melbourne 
 
Figure 6-2. Location of East Doncaster, Melbourne 
 
East Doncaster’s population has increased by 25.5% or 5301 over the 1981-96 period. In 
1996, the population reached 26063 persons. Between 1991 and 1996, the population 
decreased by 256 persons or 1%. The largest changes in age structure have been in the 50-
59 age group (+1714) and the 5-17 age groups (-1348). The proportion of homeowners has 
grown from 29.4% in 1981 to 56.5% in 1996 (Department of Infrastructure, 2000). 
East Doncaster has a total area of 1160.86 ha. This is made up primarily of residential use, 
covering 66.4% (770.34 ha) of the total land area. Other major land uses include parkland 
(12.0%), open areas (11.0%), commercial use (0.9%), sporting (7.1%) and schools (2.7%) 
(YVW, personal communication).  
The climate is temperate across metropolitan Melbourne, with warm dry summer and a 
moderate winter rainfall. Annual rainfall ranges from about 550mm in the West of the 
suburban areas, to about 900mm in the East. 
  
 157
Mean daily maximum temperature is about 26°C in summer, with extremes of 40°C or more, 
in most years. There is little variation across the city in temperature, except in small areas of 
higher elevation, where temperature is usually marginally higher. 
6.3. Demand Profiles 
The half-hourly water supply data for January and July from 1991 to 2001 were obtained 
from YVW. The data set contains 255 days in January and 279 days in July. There was no 
data recorded for January 1995, January 1998, and July 1993. Basic statistical analysis was 
undertaken to determine the mean, minimum, maximum and standard values across each 
time interval (e.g., 7:00am). The results of the basic statistical analysis undertaken are 
presented in Table D-1.  
6.3.1. Summer and Winter Demand Profiles 
Using the mean values for each time in Table D-1, average half-hourly demand profiles for 
these January and July were plotted and shown in Figure 6-3. 
 
 
 
 
 
 
 
 
 
Figure 6-3. Average Half-hourly Use Pattern, East Doncaster (1991-2001)  
Based on the values presented in Table D-1 and in Figure 6-3, it could be noted that the 
average half-hourly demand profile for January was characterised by a morning peak of 
about 20.48ML/D at around 9:30am. The level of demand then decreased slightly until 
3:00pm before increasing to a night time peak of 30.78ML/D at around 8:30pm. Due to 
unavailability of data for other summer months, it was assumed in this study that January 
would represent the summer season. 
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In July, the average half-hourly demand profile was characterised by a morning peak of 
approximately 10.5ML/D between 9:30am to 10:00am. The level of demand gradually 
decreased until 3:30pm before it started to rise to a night time peak of 7.15ML/D at around 
6:00pm. Similarly, for winter due to lack of data for other winter months, July was assumed to 
represent winter season in this study. 
A comparison of the demand profiles for January and July revealed that both profiles were 
represented by two peaks. These results agree with previous studies that urban water use 
follow a diurnal curve with peaks occurring in the morning and in the evening.  While the 
highest peak for the January demand profile occurred in the evening the July profile has it in 
the morning. This would possibly mean that in summer people tended to use more water at 
night time while in winter higher water usage occurred in the morning. It is also evident from 
Figure 6-3 that water consumption in January (summer) was higher than in July (winter) 
across all times. This could be attributed to outdoor use and school holidays where people 
were at their houses most of the time. 
6.3.2. Weekdays and Weekends Demand Profiles 
The average half-hourly demand profile for each day of the week was calculated by 
averaging the half-hourly data across each time interval (eg. 7:00am) for the particular day 
(eg. Monday). This process was followed by other day of the week. The mean values were 
presented in Table D-2 and Table D-3 for January and July respectively. 
For weekdays, the average half-hourly demand profile was estimated by averaging the half-
hourly data across each time interval for all weekdays (Monday to Friday) and for all 
Saturdays and Sundays for weekends. The mean values were also presented in Table D-2 
and Table D-3 for January and July respectively. 
Based on the mean values shown in Table D-2 and Table D-3, the average half-hourly 
demand profiles for each day of the week was developed and shown in Figure 6-4 and Figure 
6-5 for January and July respectively.  
The half-hourly demand profile for each day during weekdays of January followed a pattern 
of a morning peak at 9:30am from 19.21ML/D on Thursdays to around 21.05ML/D on 
Mondays (Figure 6-4). This was followed by a gradual decline in demand levels until it 
reached around 10.08ML/D as early as 2:00pm on Thursdays to approximately 10.68ML/D at 
3:00pm on Mondays before rising again to a maximum peak of the day of 33.69ML/D at 
approximately 8:00pm.  
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Figure 6-4. Average Half-hourly Water Use Pattern, East Doncaster, January 1991-2001 
 
The demand profile for weekends in January followed a similar pattern as that for weekdays. 
However, the morning peak occurred an hour later than on weekdays (10:30am) and at a 
higher demand level (23.81ML/D), and the evening peaks occurring half an hour to an hour 
earlier on Saturdays (7:00pm – 7:30pm) and at lower demand levels (32.89ML/D).  
The half-hourly demand profile for each day of the week in July during weekdays was 
characterised by a morning peak at around 8:00am from 11.19ML/D on Mondays increasing 
to 11.88ML/D on Fridays (Figure 6-5). The level of demand gradually declined to around 
3ML/D between 2:30pm to 3:30pm before it rose again at around 4:00pm to 7.68ML/D 
around 7:00pm except on Fridays where the evening peak occurred an hour earlier, 6:00pm 
of 6.87ML/D.  
On weekends in July, the average half-hourly demand profile was characterised by a 
morning peak of around 15ML/D between 10:00am to 10:30am. The level of demand started 
to decline until 4:00pm when it began peaking again to a night time high of around 8ML/D 
(Saturdays) and 9ML/D (Sundays) between 5:30pm and 6:00pm. 
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Figure 6-5. Average Half-hourly Water Use Pattern, East Doncaster, July 1991-2001 
A comparison of weekdays and weekends in July revealed that both of them have the same 
profiles however, morning peaks occurred two hours earlier on weekdays than weekends 
while evening peaks occurred an hour later except Fridays (Figure 6-6). Water usage was 
higher on weekends than on weekdays. 
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Figure 6-6. Average Half-hourly Water Use, East Doncaster, January and July 1991-2001 
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6.3.3. Trends in Half-hourly Demand Profiles 
The indication of trends in the average half-hourly demand profile over the period was 
obtained by averaging all the half-hourly data across time interval for January and July and 
grouping them on a yearly basis. 
The calculation for January did not include 1995 and 1998 due to non-availability of data. 
Results for January (Table D-4 and Figure 6-7) showed that demand profiles have all similar 
patterns, having two peaks one in the morning and the other in the evening. 
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Figure 6-7. Average Half-hourly Water Use Pattern, East Doncaster, Jan 1991-2001 
The trend in demand levels over ten years is increasing although there are years when 
demand levels dropped. Over the period of study (1991 to 2001), the highest demand level 
across all time intervals was noted in 2001 (Figure 6-7). This could be due to lower monthly 
rainfall in 2001(10.92mm, the lowest January rainfall over 10 years) and additional household 
connections. Other years of higher January demand levels included 1999, 1997 and 1991. 
The common thing about these years is lower monthly rainfall (below 30mm for 1999 and 
1997) or lower combined December and January rainfall (below 130mm). This is evident in 
Figure 6-8 when daytime and evening peaks as well as monthly rainfall were plotted against 
year. 
The lowest demand level was observed in January 1992 and this could be due to monthly 
rainfall above 30mm (Figure 6-8). The remaining years of lower demand January levels are 
2000, 1996, 1994, 1993 and 1992. The monthly rainfalls for these years are all more than 
30mm.  
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Figure 6-8. Night and Day Peak Demands and Rainfall, East Doncaster, January 1991-2001 
In July, the calculation did not include 1993 due to non-availability of data for this year. The 
results (Table D-5 and Figure 6-9) showed that demand profiles followed the same pattern, 
having two peaks, one in the morning and another one in the evening.  
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Figure 6-9. Average Half-hourly Water Use Pattern, East Doncaster, July 1991-2001 
Over the period of study (1991 to 2000), the highest demand level for July was observed in 
2000. It could be noted that sudden increases in demand levels occurred between 1998 and 
1999, between 1996 and 1997 and between 1991 and 1992. These increases could be 
attributed to lower monthly rainfalls in 1999, 1997 and 1992 (17.8mm, 18.2mm and 26.8mm 
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respectively). This is clearly noted in Figure 6-10.  The lowest demand level was observed in 
1994 despite having recorded the lowest monthly rainfall of only 12mm and this could be due 
to operation malfunction in the collection of data (YVW staff personal communication).  
The trend in July demand levels is steadily increasing from 1991 to 2000 (Figure 6-10). The 
higher monthly rainfall in some years did not cause a drop in demand levels. In comparison 
the January trend, although also increasing over the period of study, higher monthly rainfall 
in some years caused a drop in demand levels (Figure 6-8). The effect of rainfall in both 
January and July trends could be due to the fact that January water usage being a 
representative of summer use (outdoor use) was affected by rainfall than the July demand 
which is a representative of winter use (indoor use). 
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Figure 6-10. Day and Night Peak Demands and Rainfall, East Doncaster, Jul 1991-2001 
 
 
 
 
 
 
 
 
 
 
6.4. Daily Usage 
The available daily water supply data and the corresponding missing data were noted in 
Table 6-1.   
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Table 6-1. Available Daily Water Consumption Data, East Doncaster Water Supply Distribution 
Zone, 1991-2001 
Year Available Data Missing Data 
1991 01 Jan – 19 Jan 
01 Apr – 15 Nov 
17 Nov – 24 Nov 
26 Nov – 27 Nov 
29 Nov – 05 Dec 
08 Dec – 10 Dec 
12 Dec – 31 Dec 
20 Jan – 31 Mar 
16 Nov 
25 Nov 
28 Nov 
06 Dec – 07 Dec 
11 Dec 
1992 01 Jan – 01 Dec 
03 Dec – 09 Dec 
21 Dec – 31 Dec 
02 Dec 
10 Dec 
20 Dec 
1993 01 Jan – 19 Jan 
31 Jul – 31 Dec 
20 Jan – 30 Jul 
1994 01 Jan – 31 Dec No Missing Data 
1995 11 May – 31 Dec 01 Jan – 10 May 
1996 01 Jan – 31 Dec No Missing Data 
1997 01 Jan – 31 Dec No Missing Data 
1998 13 Feb – 18 Sep 
19 Nov – 31 Dec 
01 Jan – 12 Feb 
19 Sep – 18 Nov 
1999 01 Jan – 31 Dec No Missing Data 
2000 01 Jan – 31 Dec No Missing Data 
2001 01 Jan – 31 Mar No Missing Data 
 
Basic statistical analysis was undertaken to all available daily data obtained from YVW to 
determine the average daily water use over the available period, average daily water use for 
each day of the week, average daily water use during weekdays, and the average daily water 
use during weekends.  
There are 3228 daily values over the period 1991 – 2001. The results of basic statistical 
analysis revealed a mean daily water usage of 8.4ML/D, a maximum value of 29.78ML/D and 
a standard deviation of 5.28.  
Daily values were then grouped into each day of the week and basic statistical analysis was 
undertaken for each day of the week (Table 6-2). Using the mean values presented in Table 
8, a seven-day demand profile was developed (Figure 6-11). The seven-day demand profile 
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is characterised by a minimum daily usage on Tuesday of approximately 7.97ML/D gradually 
increasing until a maximum peak of 9.14ML/D was attained on Saturday. It could also be 
noted from Figure 6-11 that demand levels are higher on Saturdays and Sundays. This could 
be attributed to most people being in their houses not in their offices, schools and other 
places doing their laundry, dishwashing, watering their gardens and doing other water related 
tasks they could not possibly do during weekdays.  
Table 6-2. Basic Statistical Results for Daily Water Use Data, East Doncaster, 1991-2001 
Day Valid N Mean Minimum Maximum Std. Dev. 
Monday 462 8.02 0.01 28.12 5.27
Tuesday 461 7.97 0.00 25.14 5.22
Wednesday 460 8.05 0.02 29.78 5.28
Thursday 460 8.12 0.01 29.69 5.31
Friday 462 8.78 0.01 25.73 4.69
Saturday 461 9.14 0.02 26.23 5.39
Sunday 462 8.69 0.02 25.79 5.65
      
Weekends 923 8.92 0.02 26.23 5.52
Weekdays 2305 8.19 0.00 29.78 5.17
 3228  
 
Daily values were also grouped into weekends and weekdays. The weekend is represented 
by Saturdays and Sundays daily data while the weekdays are all daily data from Monday 
through to Friday. Basic statistical analysis was undertaken for these two sets of data. There 
are 923 weekend data analysed and 2305 weekday data. Results of the analysis revealed 
that the average daily weekend water usage is higher than that of daily water usage on 
weekdays (8.92ML/D vs 8.19ML/D).    
A comparison of weekdays and weekends consumption from 1991 to 2001 was also 
undertaken (Figure 6-12). Results showed that weekend’s consumption is always higher than 
that of weekdays over the period of study. 
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Figure 6-11. Average 7-Day Pattern of Water Use, East Doncaster, 1991-2001 
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Figure 6-12. Comparison of Weekends and Weekdays Average Daily Water Use, East Doncaster, 
1991-2001 
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6.5. Monthly Usage 
The analysis for monthly usage was undertaken based on average daily usage per month, 
and total usage per month. This analysis was undertaken to determine the factors influencing 
urban residential water demand. 
6.5.1. Average Daily Usage per Month and Average Total Usage per Month  
The average daily usage per month and the average total usage per month were determined 
by grouping all available daily data into monthly categories.  For the total monthly usage, the 
months with missing data were removed from the analysis and the average values for each 
month was calculated (eg, January average over the 10-year period). Basic statistical 
analysis was undertaken to determine the mean, minimum, maximum and standard deviation 
of daily water usage and total usage per month (Table 6-3). Using the mean values from the 
analysis, a 12-month demand profile was generated (Figure 6-13). Based on this analysis, it 
was observed that June has the lowest average daily water usage of 4.88ML/D and lowest 
average total monthly water usage of 146.4ML. The standard deviation of both average daily 
and average total monthly water usage for June was also the lowest. This indicates that 
water consumption during winter (June) is at its lowest and there is not much variation in day 
to day water use. From end use analysis undertaken in Chapter 4, winter usage is mostly 
composed of indoor water use and therefore variation in day to day water use in a residential 
household is minimal. The month with the maximum average daily water usage was 
February of 14.89ML/D while the month with the average highest total monthly consumption 
was January of 441.7ML. There is very slight difference between January and February and 
this could be attributed to the difference in the calculation between the average daily and the 
average monthly total. Months with missing daily data were not included in the calculation of 
the average monthly total but these daily data were included the estimation of the average 
daily consumption. The standard deviations of the February average daily and January total 
usage were the highest among the twelve other months.  This could be attributed to outdoor 
and seasonal water usage which composed of garden watering and the use of air 
conditioning systems during summer months as discussed in Chapter 4. Water usage during 
summer is highly variable due to the influence of rainfall, temperature and other factors. 
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Table 6-3. Basic Statistics for Average Daily Usage and Total Usage per Month, East Doncaster, 
1991-2001 
Average Daily Usage per Month Average Total Usage per Month 
Month Valid N Mean Min Max Std Dev Mean Min Max Std. Dev. 
Jan 255 14.20 2.21 29.78 5.96 441.7 243.40 606.43 123.51
Feb 215 14.89 2.83 27.26 5.41 433.6 318.21 554.26 91.74
Mar 258 11.10 0.03 24.53 4.61 353.8 172.16 500.92 95.67
Apr 242 7.10 1.64 19.71 3.17 212.2 99.97 353.08 75.35
May 269 5.17 0.89 9.96 2.23 167.3 63.01 265.89 59.04
Jun 270 4.88 1.54 9.39 1.78 146.4 66.37 244.87 51.54
Jul 280 4.92 1.36 9.65 2.01 152.1 77.75 255.05 59.87
Aug 309 5.14 1.32 15.00 2.40 158.9 62.25 256.42 63.78
Sep 288 5.05 0.00 13.89 2.56 147.7 66.30 291.03 63.27
Oct 271 7.14 1.23 19.04 3.19 215.1 131.13 324.29 63.93
Nov 279 9.95 1.28 25.68 4.34 294.1 195.83 393.65 74.65
Dec 292 13.20 2.82 25.98 5.24 414.2 323.56 532.23 70.01
 
To obtain an indication of trends in average daily water use and total monthly water usage 
the average values on a yearly basis were calculated (Table 6-4). The trends in average 
daily and average total water usage for each month are increasing over the 10-year period 
(1991-2000). 
Detailed discussion on a monthly basis is presented in the following section. This provides 
insight on what drives urban residential water consumption and the limitations of water 
supply distribution zone data compared to end use data. 
January 
The monthly average daily data and average total monthly usage for January over the period 
1991-2001 did not include 1995 and 1998 due to non-availability of January data for these 
years and 1991, 1993 for the average total monthly use due to missing data in January data 
for these years. The minimum daily average for January is 7.85ML/D in 1992 which resulted 
to the minimum January total usage of 243ML (Table 6-4) and this could be attributed to 
higher January rainfall (45.4mm). The maximum daily average of 19.56ML/D and maximum 
total January usage of 606.43Ml was recorded in 2001, which could be due to additional 
number of household connections coupled with lowest January rainfall over the 10-year 
period (10.92mm). Higher average daily demands and higher January total water 
  
 169
consumption are also observed in 1997 and 1999, which could all be linked to monthly 
rainfalls below 30mm (29.2mm and 25.4mm respectively).  The trend for January water 
demand over the 10- year period is increasing.  
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Figure 6-13. Average Daily Water Use and Average Total Water Use per Month, East 
Doncaster, 1991-2001 
February 
The calculation of average daily water use and average total monthly water use for February 
did not include 1991, 1993, 1995 and 1998 due to non-availability of February daily data 
during these years. The minimum average daily data and monthly total for February of 
10.97ML/D and 318.21ML respectively are recorded in 1992, which could be due to February 
total rainfall higher than 30mm (32mm) (Table 6-4). The maximum daily average for February 
of 19.8ML/D and the maximum total monthly usage of 554.26ML were observed in 1997 
which could be attributed to lower monthly total rainfall of only 4.6mm. Over the 10-year 
period of study, the trend for February water demand is increasing. 
March 
The average daily water use and average monthly total water use for March estimation did 
not include 1993 and 1995 due to non-availability of March daily data during these years and 
some 1991 March daily data were also not included in the estimation of average March total 
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due to incompleteness of daily data for the whole month. The minimum daily average and 
monthly total for March of 5.38ML/D and 172.16ML respectively are recorded in 1994, due to 
operation malfunction in the collection of data (Table 6-4). The maximum average daily water 
use for March of 16.53ML/D is recorded in 1991 and this could be due to lower combined 
January and February rainfalls of only 56.2mm (Table 6-4). The maximum average monthly 
total for March of 500.92ML was observed in 2000 which could be attributed to lower monthly 
rainfall of 25.4mm. Like January and February, the trend for March average water usage 
over the 10-year period is increasing.    
April 
From 1991 to 2000 the minimum daily average of 3.33ML/D and the minimum average 
monthly total usage of 99.97Ml for April were recorded in 1994 while the maximum of 
11.77ML/D and 353.08ML was noted in 2000 (Table 6-4). The calculation for average daily 
water use and the average monthly total water usage for April did not include 1993 and 1995 
due to missing data in the month or due to non-availability of April daily data for these years. 
The lowest average daily demands and average April total usage in 1994 could be attributed 
to operation malfunction in the collection of data (YVW personal communication) while the 
maximum in 2000 could be attributed to additional household connections and lower monthly 
rainfall in March (25.4mm). The trend in April average demands from 1991 to 2000 are 
increasing. 
May 
The minimum daily average of 2.03ML/D for May is recorded in 1994 resulting to a minimum 
average May total of 63.01ML over the period 1991- 2000, which could be due to the 
operation malfunction in the collection of data (Table 6-4). The maximum of 8.58ML/D is 
recorded in 2000 which yielded a maximum May total of 265.89ML and this could be due to 
additional household connections. Higher monthly daily average and May total were also 
observed in 1991 and 1996 and this could be attributed to lower monthly rainfalls of  19mm 
and 32.2mm respectively. The calculated daily average and monthly total for May does not 
include 1993 due to non-availability of May data for this year. The calculation for May total 
also did not include 1995 due to missing data in the month. The trend in May water usage is 
increasing like the first four months of the year. 
June 
The calculation of daily average and monthly total for June did not include 1993 due to non-
availability of June daily data for this year. From 1991 to 2000, the minimum daily average 
and minimum monthly total for June of 2.21ML/D and 66.37ML respectively were recorded in 
1994, which could be due to the operation malfunction in the collection of data (Table 6-4). 
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The maximum of 8.16ML/D and 244.87ML were recorded in 2000 and this could be 
attributed to additional household connections. Over the 10-year period of study, the trend for 
average water demand for June is increasing. 
July 
The minimum daily average of 2.51ML/D and the minimum monthly total of 77.75ML for July 
were calculated in 1994 data over the period 1991-2000 and this could be due to the 
operation malfunction in the collection of (Table 6-4). The maximum of 8.23ML/D and 
255.05ML were recorded in 2000, which could be due to additional household connections. 
The calculation for July total did not include 1993 due to missing data in the month. The trend 
for July average demand over the 10-year period is increasing.  
August 
Over the period 1991-2000, the minimum daily average of 2.01ML/D and the minimum 
monthly total of 62.75ML for August were recorded in 1996 while the maximum daily average 
of around 8.30ML/D is observed in 1999 and 2000 (Table 6-4). The maximum monthly total 
of 256.42ML was determined in 1999. The minimum daily average and monthly in 1996 
could be attributed to higher rainfall (52.8mm) while the maximum daily in 1999 and 2000 
could be due to additional household connections. Over the 10-year period, the trend for 
August average water demand is increasing. 
September 
Over the period 1991-2000, the minimum daily average of 2.21ML/D and minimum average 
monthly total for September of  66.30ML were noted in 1994 while the maximum of 9.70ML/D 
and 291.03ML respectively were recorded in 1999 (Table 6-4). The calculation for average 
monthly total did not include September 1998 due to missing daily data in the month. The 
lowest daily average in 1994 could be due to operation malfunction in the collection of data 
while the highest recorded in 1999 could be attributed to lower monthly rainfall (30.8mm) and 
to increase in household connections. The trend for September average water demand over 
the 10-year period of study is increasing. 
October 
The calculation for daily average and average monthly total for October did not include 1998 
due to non-availability of daily data for the whole month. From 1991 to 2000, the minimum 
October daily average of 4.37ML/D is recorded in 1994 resulting to a minimum October total 
of 131.13ML while the maximum of 10.81ML/D and 324.29ML were determined in 1999 over 
the period 1991 – 2000 (Table 6-4). The lowest daily average and lowest October total in 
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1994 could be attributed to operation malfunction in the collection of data while the highest 
recorded in 1999 could be due to additional household connections. Over the 10-year period 
the trend for average water demand for October total is increasing. 
November 
Over the period 1991-2000, the minimum daily average of 6.53ML/D and the minimum 
average monthly total of 195.83ML for November were recorded in 1994, while the maximum 
of 13.12ML/D and 393.65ML were observed in 1999 (Table 6-4). The calculation did not 
include 1998 due to non-availability of daily data for the whole month. The lowest daily 
average in 1994 could be attributed to operation malfunction in the collection of data while 
the highest recorded in 1999 could be attributed to increase in household connections. The 
trend for average November water demand is increasing over the 10-year period. 
December 
The minimum daily average of 10.44ML/D resulted a minimum monthly total of 323.6ML for 
December in 1991 over the period 1991-2001while the maximum of 17.17ML/D and 
532.23ML were observed in 2000 (Table 6-4). The calculation did not include 1998 due to 
non-availability of December daily data for this year. The lowest December daily average in 
1991 could be attributed to higher monthly rainfall (111.2mm) while the highest recorded in 
2000 could be due to household connections. The trend for December water consumption is 
increasing over the 10-year period.   
Table 6-4. Average Daily Water Use and Total Water Usage per Month, East Doncaster, 1991-
2001 
Mo 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Jan 16.01 7.85 
243.4
11.83 11.23
348.1
12.87
398.9
17.69
548.5
16.01
496.4 
14.52
450.1
19.56
606.4
Feb  10.97
318.2
 12.22
342.1
13.60
394.3
19.80
554.3
14.69
411.4 
18.37
532.8
17.23
482.4
Mar 16.53 10.60
339.2
 5.38 
172.2
11.70
374.5
10.90
348.7
11.41
365.1
9.38 
300.2 
15.65
500.9
13.434
29.7
Apr 7.93 
237.8 
8.85 
265.6
 3.33 
99.9
6.06 
181.8
5.42 
162.9
6.46 
193.9
6.76 
202.8 
11.77
353.1
10.65
May 5.61 
173.9 
4.52 
140.2
 2.03 
63.0
2.56 6.66 
206.4
4.37 
135.6
5.29 
163.9
6.10 
189.1 
8.58 
265.9 
Jun 4.85 
145.5 
5.50  
164.9
 2.21 
66.4 
2.66 
79.9
5.14 
154.2
4.81 
144.2
5.27 
158.1
5.33 
159.8 
8.16 
244.9 
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Jul 4.62 
143.3 
5.37 
166.6
8.15 2.51 
77.8
2.85 
88.5
3.37 
104.6
4.65 
144.1
5.17 
160.2
7.37 
228.4 
8.23 
255.1 
Aug 4.76 
147.4 
5.53 
171.3
5.06 
156.7 
2.94 
91.0
3.16 
97.9
2.01 
62.8
6.13 
190.1
5.37 
166.5
8.27 
256.4 
8.30 
249.0
Sep 4.30 
128.9 
5.17 
154.9
4.59 
137.7 
2.21 
66.3
3.20 
95.9
4.28 
128.4
4.74 
142.3
6.90 9.70 
291.0 
6.11 
183.4
Oct 9.34 
280.2 
6.12 
183.6
5.69 
170.8 
4.37 
131.1 
5.73 
171.8
6.17 
184.9
7.10 
212.8
10.81
324.3 
8.91 
276.3
Nov 12.86
385.8 
7.07 
212.0
8.09 
242.7 
6.53 
195.8
9.86 
295.9
11.42
342.5
8.00 
240.1
13.12
393.6 
11.283
38.4
Dec 10.44
323.6 
11.26
349.2 
14.70
455.6
11.84
366.9
13.50
405.0
12.24
367.1
14.04
435.4
15.89
492.6 
17.17
532.2
Shaded numbers denote highest or lowest monthly average daily water use or  highest or lowest monthly 
total water usage (eg, highest January over the 10-year period or the  lowest February over the 
10-year period). 
Values in the first row of each month are average daily water use and values on the second row are 
average total monthly water use.  
 
6.6. Seasonal Usage 
The calculation of seasonal usage was based on average daily water use per season and 
total water use per season. 
6.6.1. Average Daily Water Use and Total Water Use per Season 
In this analysis, all the daily data collected was grouped into seasons and was checked for 
completeness in the daily data for each month per season.  Season with missing daily data in 
a month or missing data for the whole month was excluded in the analysis before basic 
statistical analysis was undertaken. A total of 3228 daily data was analysed. Of this total, 859 
days are for winter, 838 days for spring, 769 days for autumn and 762 days for summer. The 
maximum daily average of 14ML/D resulting to the maximum total usage for the season of 
1346ML was recorded in summer while the minimum of 5ML/D yielding a minimum total for 
the season of 458ML were observed in winter (Table 6-5). The standard deviation for winter 
is the lowest among the four seasons which is similar to the result of the analysis of the 
monthly data where standard deviations for winter months usage are lower compared to 
other months of the year (Section 5.5). This is due to the residential water consumption 
which is mostly composed of indoor use as revealed in the analysis of end use data in 
Chapter 4.  
Table 6-5. Basic Statistics per Season, East Doncaster, 1991-2001 
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Average Daily Usage per Season (ML) Average Total Usage per Season (ML) Season 
Valid N Mean Min Max Std Dev Mean Min Max Std Dev 
Summer 762 14.01 2.21 29.78 5.57 1345.91 1145.75 1515.11 164.94
Autumn 769 7.77 0.03 24.53 4.27 717.84 335.14 1119.89 229.70
Winter 859 4.99 1.32 15.00 2.10 457.60 235.13 748.92 168.92
Spring 838 7.36 0.00 25.68 3.99 656.87 393.26 1008.97 182.84
 
To obtain an indication of trends in average daily water use and average total water usage 
per season the average values on a yearly basis were calculated (Table 6-6). The trends in 
average daily and average total water usage for each season are increasing over the 10-year 
period (1991-2000). 
Detailed discussion on a per season basis is presented in the following section. This 
provides insight on what drives urban residential water consumption and the limitations of 
water supply distribution zone data compared to end use data. 
Autumn Consumption 
The autumn daily average consumption reached the maximum peak of 12.09ML/D resulting 
to a maximum total for the season of 1112.6ML in 2000 while the lowest daily average for 
autumn was recorded in 1994 of 3.62ML/D yielding the lowest total for the season of 
333.23ML (Table 6-6). The maximum autumn usage in 2000 could be attributed to additional 
household connections and the lowest usage 1994 which could be attributed to operation 
malfunction in the collection of data. The trend for autumn consumption over the 10-year 
period is increasing. The calculation did not include autumn consumption in 1991, 1993 and 
1995 due to missing data or non-availability of daily during these periods. 
Winter Usage 
Winter consumption is always the lowest consumption compared with the other three 
seasons over the period 1991-2001 due to winter usage comprising mostly of indoor use as 
indicated in the results of the analysis of end use data in Chapter 4 (Table 6-6). The level of 
demand for winter has been gradually increasing since 1991 from 436ML to 497ML in 1992 
before it dipped to a low 231ML in 1994 with a minimum average daily water use of 
2.53ML/D. The total winter demand reached the highest record of 748.92ML in 2000 with a 
corresponding maximum daily demand of 8.22ML/D (Table 6-6). Daily water usage records 
during winter 1991 and 1993 were not included due to missing daily data or non-availability 
of daily data during these periods. The lowest winter consumption record in 1994 over the 
ten-year period could be attributed to the malfunction in recording the daily data while the 
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maximum record in 2000 could be due to additional household connections and lower total 
rainfall for winter (138mm which is below winter’s total average over the ten-year period of 
146mm). 
Spring Usage 
The spring usage peaked in 1999 recording a maximum total of 1017ML and a maximum 
daily average of 11.18ML/D for the season over the period 1991-2000, while the lowest total 
usage of 397ML and minimum daily average of 4.37ML/D were recorded in 1994 (Table 6-6). 
The maximum consumption in 1999 could be attributed to the lowest total rainfall in spring 
over the 10-year period (133mm) and the lowest usage in 1994 could be due to operation 
malfunction in the collection of data. The estimation for the spring water consumption over 
the 10-year period did not include the spring of 1991 and 1998 due to non-availability of daily 
data during these periods. The trend for spring usage is increasing over the 10-year period. 
Summer Usage 
The summer consumption is always the highest consumption as compared to the other three 
seasons of the year over the period 1991-2000 due to the majority of garden watering and 
some seasonal use for air conditioning system during summer as implied in the end use 
analysis results in Chapter 5 (Table 6-6). The summer consumption reached a maximum of 
1621ML in 2000 with a corresponding highest daily average of 18.01ML/D while the lowest 
summer consumption was observed in 1994 with a minimum of 11.55ML/D resulting to a 
total usage of 1039ML for the season. The maximum consumption in summer 2000 could be 
due to additional household connections and the lowest recorded usage in 1994 could be 
attributed to malfunction in the recording of the daily data. The calculation did not include the 
summer of 1992, 1993, 1995, 1997 and 1998 due to missing daily data or non-availability of 
daily data for the whole summer during these years.  The trend for summer consumption 
over the 10-year period is increasing. 
Table 6-6. Average Daily Water Usage and Total Water Usage per Season, East Doncaster, 
1991-2001 
Average Daily Use per Season Total Water Use per Season Period 
Autumn Winter Spring Summer Autumn Winter Spring Summer 
Mar 91-Feb 92  4.78 436.29  
Mar 92-Feb 93 8.04 5.46 6.11 739.87 497.42 555.90 
Mar 93-Feb 94  6.10 11.55  554.84 1039.37
Mar 94-Feb 95 3.62 2.53 4.37 333.23 231.01 397.38 
Mar 95-Feb 96  2.89 6.23 12.75 266.32 566.97 1160.25
  
 176
Average Daily Use per Season Total Water Use per Season Period 
Autumn Winter Spring Summer Autumn Winter Spring Summer 
Mar 96-Feb 97 8.21 3.51 7.27 755.14 315.46 661.45 1507.82
Mar 97-Feb 98 6.96 5.23 6.59 640.03 474.18 599.51 
Mar 98-Feb 99 7.79 5.25 14.92 717.07 476.69  1343.20
Mar 99-Feb 00 7.47 6.97 11.18 16.21 687.60 636.52 1017.14 1475.45
Mar 00-Feb 01 12.09 8.22 8.77 18.01 1112.16 748.92 797.08 1621.04
Shaded values denote highest or lowest water usage (eg, highest Summer over the 10-year period) 
 
The daily data per season was further subdivided into each day of the week, all weekdays 
and all weekends. Basic statistical analysis was undertaken and results were used to 
determine the seven-day demand profile for each season and to compare the average daily 
usage between weekends and weekdays. 
Results of the analysis revealed that the seven-day demand profile for winter, spring and 
autumn followed the same pattern where average daily water demand from Monday to 
Thursday was lower compared to other days of the week. This could be due to most 
members of the household are at work or at school. The level of demand increased on 
Fridays reaching the maximum peak of the week during winter and autumn. However, in 
spring the level of demand continued to increase until it reached the maximum peak on 
Saturdays. In summer, the demand profile started with an almost constant daily demand from 
Monday to Thursday before declining to the lowest average daily use on Fridays and 
increased sharply on Saturdays recording the maximum peak of the week. Details of the 
analysis are presented in Table 6-7 and Figure 6-14. 
A comparison of average daily water demand between weekends and weekdays showed 
that consumption was higher on weekends than weekdays on all seasons of the year (Table 
6-7 and Figure 6-15). 
Table 6-7. Average Daily Water Use per Season per Day, East Doncaster, 1991-2001 
Season Mon Tue Wed Thu Fri Sat Sun WE WD 
Winter 4.58 4.60 4.55 4.69 5.94 5.64 4.90 5.28 4.87
Spring 6.88 7.01 6.78 7.12 7.83 8.16 7.75 7.96 7.13
Summer 13.78 13.58 13.86 13.76 13.17 15.03 14.94 14.98 13.63
Autumn 7.45 7.21 7.54 7.51 8.56 8.31 7.81 8.05 7.65
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Figure 6-14. Average 7-Day Water Use Pattern per Season, East Doncaster, 1991-2001 
0
2
4
6
8
10
12
14
16
Winter Spring Summer Autumn
Season
W
at
er
 U
se
 (M
L/
D
)
Weekends Weekdays
 
Figure 6-15. Comparison of Water Usage during Weekends and Weekdays, East Doncaster, 
1991-2001 
6.7. Annual Usage 
The annual consumption was calculated by summing all the daily data for the particular year. 
A year with missing data was excluded from the analysis.  
Based on the analysis, the average annual water use in East Doncaster water supply 
distribution zone was around 3230 ML/Year. The annual level of demand and the average 
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daily usage per year have been gradually increasing from 1994 to 2000. The maximum daily 
usage of 28.12ML/D was recorded in 1997 and this could be attributed to lower annual 
rainfall (359.8mm). Details are in Table 6-8 and Figure 6-16. 
Table 6-8. Annual Total Water Consumption, East Doncaster, 1991-2001 
Year Annual Water 
Consumption (ML/Year) 
Average 
(ML/D) 
Median 
(ML/D) 
Maximum 
(ML/D) 
Total Annual 
Rainfall (mm) 
1994 2109.32 5.78 3.08 23.34 471.8
1996 2937.98 8.05 6.52 24.27 777.0
1997 3190.58 8.77 6.48 28.12 359.8
1999 3746.24 10.26 9.07 24.17 610.4
2000 4182.01 11.43 9.51 24.67 629.6
Average 3233.33  
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Figure 6-16. Annual Water Demand, East Doncaster, 1991-2001 
6.8. Factors Influencing Urban Residential Water Demand 
The following sections present some of the factors that influence urban residential water 
demand. The factors considered influencing water demand in this section include population, 
rainfall, temperature and day of the week. These factors will form part of the variables that 
will be used in developing the daily urban residential water demand model as discussed in 
Section 5.9. 
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6.8.1. Population 
Urban demand has always been a function of population. In this research, population data 
was obtained from Department of Infrastructure (DOI). This data included the number of 
persons residing in East Doncaster water supply distribution zone from 1991 to 1996, 
number of households, and the composition of households (eg. 1- person, 2-person, etc.). 
The population incurred an average decrease of 0.2% per year between 1991 and 1996 
(Table 6-9). In comparison, the water consumption from 1994 to 1996 incurred an increase of 
almost 20%. 
Due to unavailability of annual data in some years, the annual consumption per person and 
the annual consumption per household were calculated only in 1996. The calculation yielded 
a result of 112.37kl per person and 343.62kl per household (Table 6-9). 
 
Table 6-9. Population and Water Consumption, East Doncaster 
Year Total 
Population 
HH 
No. 
Annual Water 
Consumption 
ML 
Average Daily 
Water Use/Person 
kL/person 
Average Daily 
Water Use/HH, 
kL/HH 
1991 26319 7978   
1994  2109.32   
1996 26063 8550 2937.98 112.3 343.62
Average 
Increase/Decrease 
(%) 
-0.19 1.43 19.64  
 
6.8.2. Rainfall 
Rainfall data recorded at Melbourne Regional Office (Station #86071) from January 1991 to 
December 2000 was obtained from Bureau of Meteorology (Figure 6-17). 
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Figure 6-17. Daily Rainfall, Melbourne Regional Office Station (#86071), 01 Jan 1991 - 01 Apr 
2001 
The data was then summed into months, seasons and years to obtain annual, monthly and 
seasonal rainfall depth in mm (Table 6-10). The total annual rainfall is shown in Figure 6-18. 
 
 
Table 6-10. Monthly Total Rainfall, East Doncaster, 1991-2000 
Month 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Jan 126.0 45.4 92.8 30.0 101.4 116.2 29.2 59.4 25.4 38.0 10.9
Feb 0.6 32.0 58.8 106.8 22.0 87.0 4.6 71.6 47.6 33.4 24.7
Mar 55.6 28.2 37.6 26.2 71.6 42.8 20.0 7.4 48.0 25.4 77.0
Apr 43.8 43.4 20.2 66.0 102.0 130.4 13.8 50.2 40.2 47.0
May 19.0 64.4 37.4 31.8 79.4 32.2 59.6 50.0 63.4 91.0
Jun 116.8 45.0 36.6 40.8 76.2 71.4 35.0 50.6 54.2 42.0
Jul 50.6 26.8 51.4 12.0 58.6 72.8 18.2 39.6 17.8 46.8
Aug 63.2 65.0 53.2 24.6 46.4 52.8 27.8 22.8 86.6 49.2
Sep 74.2 125.2 126.0 32.2 46.4 62.4 56.8 35.4 30.8 81.6
Oct 34.2 106.0 61.2 36.0 91.2 48.4 30.8 78.6 62.0 105.8
Nov 25.4 139.8 71.4 51.0 76.4 37.0 56.8 57.0 40.2 34.8
Dec 111.2 108.6 197.4 14.4 31.4 23.6 7.2 62.4 94.2 34.6
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Month 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Annual 
Total 
720.6 829.8 844.0 471.8 803.0 777.0 359.8 585.0 610.4 629.6
Summer  188.6 260.2 334.2 137.8 234.6 57.4 138.2 135.4 165.6
Autumn 118.4 136.0 95.2 124.0 253.0 205.4 93.4 107.6 151.6 163.4
Winter 230.6 136.8 141.2 77.4 181.2 197.0 81.0 113.0 158.6 138.0
Spring 133.8 371.0 258.6 119.2 214.0 147.8 144.4 171 133 222.2
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Figure 6-18. Annual Total Rainfall, Melbourne Regional Office Station (#86071), 1991-2000 
Daily rainfall data was plotted against daily water demand data from 1991 to 2000 to 
determine how rainfall influenced demand (Figure 6-19). It could be noted that there was a 
poor linear relationship between daily rainfall and daily water consumption based on the 
coefficient of determination, R2 of only 0.03. It was also determined if daily water demand can 
be expressed as a polynomial function of daily rainfall and the resulting R2 was also low 
(0.05).  The process was repeated to weekly and monthly data however, the results still 
yielded low R2. These results that showed poor correlation confirms what Maidment, et al 
(1985) reported that the most likely reason for the insignificance of rainfall in the weekly 
analysis is that its relationship with water use is neither linear nor time invariant as assumed 
by linear analysis. 
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Figure 6-19. Daily Water Use against Daily Rainfall, East Doncaster, 1991-2001 
The “dynamic” effect of the occurrence of rainfall on urban water demand was also 
determined by plotting the daily water demand in a typical summer period (summer 2000) 
against rainfall (Figure 6-20). It could be noted that each time rainfall occurred, water use 
was reduced immediately, and then it gradually resumed its regular pattern. This is in 
accordance with one of postulates that the occurrence of rainfall causes a temporary 
reduction in seasonal water use that diminishes over time and gradually becomes negligible 
(Maidment et al. 1985). 
The “state-dependent” effect of rainfall on daily water use was also examined by taking all 
the days with rainfall over the period 1991 – 2000 and the seasonal water use level on the 
day and before the occurrence of rainfall. The seasonal water use being the total water use 
less base use. The difference in seasonal water use on the day and before the occurrence of 
rainfall was plotted against the seasonal water use level before the occurrence of rainfall 
(Figure 6-21). Results showed that the occurrence of rainfall causes a reduction in seasonal 
water use and the higher the seasonal water use prior to the rainfall event, the more 
reduction can be observed. It can be noted from Figure 6-21 that water use reductions due to 
rainfall occurrence are approximately proportional to their previous day’s seasonal water use 
level, and the proportionality increases as the rainfall increases. 
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Figure 6-20. Dynamic Effects of Rainfall on Daily Water Use, East Doncaster, Summer 2000 
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Figure 6-21. State Dependent Effects of Rainfall on Daily Water Demand, East Doncaster, 1991-
2001 
The state-dependent property of rainfall effect has two implications (Miaou 1990). First, 
people respond more to its occurrence than to its amount; in other words, the effect is more 
psychological than physical (at least in the short run). Second, rainfall has relatively no 
effects when water use approaches its base (indoor) use level, which is either a result of low 
temperature in the winter or several days of sustained rainfalls. 
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6.8.3. Temperature 
Temperature data recorded at Melbourne Regional Office (Station #86071) from January 
1991 to December 2000 was obtained from Bureau of Meteorology (Figure 6-22). 
The average values per month, per season and per year were calculated from 1991 to 2000 
(Table 6-11). The highest average daily maximum temperature over the 10-year period of 
27.03°C was observed in February while the lowest of 14.24°C was in July.   
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Figure 6-22. Daily Maximum Temperature, Melbourne Regional Office (#86071), 01 Jan 1991 – 
01 Apr 2001 
Table 6-11. Average Daily Maximum Temperature per Month, per Season and per Year, 1991-
2001 
Month 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Ave 
Jan 26.0 22.4 27.3 25.0 26.8 25.4 27.8 27.2 27.5 25.5 26.1
Feb 25.7 24.6 26.7 25.8 26.7 24.2 30.1 27.9 28.4 30.2 27.0
Mar 24.1 24.6 23.5 23.0 22.8 24.2 23.0 25.2 23.9 26.2 24.0
Apr 20.3 21.4 23.1 21.0 18.1 18.4 21.1 19.6 19.6 21.8 20.5
May 16.9 17.4 17.8 17.1 16.4 17.0 16.7 17.1 18.5 16.6 17.1
Jun 15.6 14.5 14.0 14.9 13.9 15.2 14.9 14.6 15.3 14.6 14.8
Jul 14.1 14.5 14.9 15.5 12.9 13.6 13.8 13.5 15.2 14.4 14.2
Aug 15.1 14.5 17.4 14.9 16.9 15.3 14.9 16.3 16.1 15.7 15.7
Sep 17.0 15.0 17.3 16.0 16.9 17.3 17.3 19.0 19.1 18.3 17.3
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Month 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Ave 
Oct 21.4 19.6 19.4 20.7 18.9 20.2 20.8 19.6 21.2 19.1 20.1
Nov 22.2 20.9 20.8 21.2 22.1 21.5 23.6 21.8 22.7 23.8 22.0
Dec 23.1 24.6 23.0 27.1 20.6 22.4 24.9 25.5 24.3 26.2 24.2
      
Summer  23.4 26.2 24.6 26.8 23.4 26.8 26.7 27.2 26.6 
Autumn 20.4 21.2 21.4 20.4 19.1 19.9 20.3 20.6 20.7 21.6 
Winter 15.0 14.5 15.4 15.1 14.6 14.7 14.6 14.8 15.5 14.9 
Spring 20.2 18.5 19.2 19.3 19.3 19.7 20.6 20.2 20.9 20.4 
      
Annual 
Average 20.2 19.5 20.4 20.2 19.4 19.6 20.8 20.6 20.9 21.0 
 
The effect of temperature on urban water demand was determined by screening the days 
with no rainfall over the period of study. The recorded maximum daily temperature on these 
days with no rainfall was plotted against daily urban demand (Figure 6-23). Results showed 
that in the absence of rainfall, maximum daily temperature is the dominant variable governing 
urban daily water use, having a coefficient of determination, R2 of 58% (Figure 6-23). 
The effect of a significant increase in temperature and hot consecutive days on urban water 
consumption during rainless days was also initially assessed (Figure 6-24). The figure 
illustrates that an increase in temperature of 3° to 16° results to increase in water demand up 
to a maximum of 4ML/D. 
 
  
 186
y = 0.6849x - 5.0001
R2 = 0.575
0
5
10
15
20
25
30
35
0 5 10 15 20 25 30 35 40 45
daily Maximum Temperature (degree Celsius)
D
ai
ly
 U
rb
an
 W
at
er
 D
em
an
d 
(M
L/
D
)
 
Figure 6-23. Daily Maximum Temperature against Daily Water Demand (Rainless Period), East 
Doncaster Zone (1991-2001) 
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Figure 6-24. Effect of Significant Increase in Temperature and Consecutive Hot Days on Daily 
Water Use, East Doncaster, 1991 – 2000 
6.8.4. Day of the Week 
Based on the analysis of the half-hourly data and daily data obtained from YVW, it was 
revealed that residents use more water on weekends than on weekdays on all seasons of 
the year and during the period 1991-2001 (Figure 6-11). 
  
 187
6.9. Daily Urban Residential Water Demand Model 
The development of a daily urban residential water demand is undertaken to meet one of the 
objectives of this study as stated in Section 1.2, to develop a model that would forecast daily 
urban residential water demand. The daily urban residential water model developed in this 
study is based on the postulates by Maidment and Miaou (1985) as discussed in Section 
3.4.2, that a daily urban water use series consist of three major components such as base 
use, potential use and short-memory or irregular use.  
Since this daily urban residential water demand model did not include variables representing 
population and other socio-economic variables that may affect trend, time was employed as 
a substitute in explaining trend variations. The evaluation started with an estimation of base 
use as discussed in Section 3.4.2 and later in Section 6.9.2. Model comparisons were then 
performed for the components of the seasonal water use, potential water use and short 
memory series as presented in Section 6.9.3. The Microsoft excel package was used to 
carryout the Step-wise regression analysis. 
As discussed in Section 3.4.2, the performances of all models in this study were evaluated 
according to two criteria: standard error, SE, and the coefficient of determination, R2. A 
favourable model was the one with high R2, but low residual standard error. All parameters 
considered in development of the daily urban water residential water demand model were 
tested of its statistical level of significance by its P-value. A P-value lower than 0.05 was 
considered statistically significant.  
As discussed in Section 3.4.2, two daily urban residential water demand models were 
developed in this study; the first adopted the Heat Function for Potential Seasonal Use as 
defined by Miaou (1983); and the second used the Fourier Series Potential Seasonal Use as 
proposed by Miaou (1986) and as adopted by Zhou et al. (2000). A third model was also 
evaluated to determine threshold levels of temperature and rainfall.  
6.9.1. Data Used 
The data used in the development of the daily urban water residential models was the same 
data used in recent reports by Gato et al. (2006a, 2006b) that included the daily water use 
(ML/D) for East Doncaster water supply distribution zone (Figure 6-2), total daily rainfall (mm) 
and daily maximum temperature (°C) recorded at Melbourne Regional Office (Station 
#86071) from 01 April 1991 to 01 April 2001. Missing data and invalid values as noted in the 
record were not included in the analysis. 
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6.9.2. Model 1 – Using Heat Function for Potential Seasonal Water Use, Wsp 
Base Use 
As discussed in Section 3.4.2, base use is defined as the portion of water use (mainly indoor 
use) that is insensitive to climatic conditions and the lowest level of monthly water use in 
East Doncaster, Victoria, Australia is from May to September (Gato et al. 2006a, 2006b). The 
month with the lowest total monthly water use is selected for each year to estimate the base 
use in Equation 3-6. The base use exhibits a step change in May 1994 and a different growth 
rate before May 1994 and after May 1997 (Figure 6-25). During 1994 to 1996, maintenance 
problems were encountered in the collection of water use data according to YVW staff, which 
could explain the variation in base use. Three periods are included in Equation 3-6 to 
represent these changes. In each of these periods, trend is visible. 
0
1
2
3
4
5
6
7
8
9
10
01
-S
ep
-91
10
-S
ep
-91
19
-S
ep
-91
28
-S
ep
-91
07
-M
ay
-92
16
-M
ay
-92
25
-M
ay
-92
03
-S
ep
-93
12
-S
ep
-93
21
-S
ep
-93
30
-S
ep
-93
09
-M
ay
-94
18
-M
ay
-94
27
-M
ay
-94
05
-Ju
n-9
5
14
-Ju
n-9
5
23
-Ju
n-9
5
02
-A
ug
-96
11
-A
ug
-96
20
-A
ug
-96
29
-A
ug
-96
07
-M
ay
-97
16
-M
ay
-97
25
-M
ay
-97
03
-Ju
n-9
8
12
-Ju
n-9
8
21
-Ju
n-9
8
30
-Ju
n-9
8
09
-Ju
n-9
9
18
-Ju
n-9
9
27
-Ju
n-9
9
D
ai
ly
 B
as
e 
U
se
 (M
L/
D
)
 
Figure 6-25. Daily Base Water Use, East Doncaster, Victoria, Australia (1991-1999) 
Base Use Model (1) Parameters: 
The following variables were included into the base use regression model: 
? Time variables - Three periods are represented by three variables in the regression 
analysis. 
? Day of the week since preliminary analysis of East Doncaster daily water demand data 
revealed that water demand was higher during weekends than on weekdays (Figure 
6-11). 
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? Total daily rainfall, to determine its significance into the daily base water consumption. 
? Maximum temperature to determine its effect on daily base use.  
Table 6-12 depicts the coefficients and associated goodness-of–fit statistics obtained from 
the regression analysis when different combinations of variables are considered. 
Table 6-12. Coefficients and Associated Statistics of Alternative Base Use Model 
Model Intercept Trend 
91-94 
Trend 
94-97 
Trend 
97-99 
Day of the 
Week 
Total 
Rainfall 
Max 
Temp 
SE 
(%) 
R2 (%) 
B1 4.60 -0.001 0.002 -0.002    22.5 71.73 
B2 3.97 -0.001 0.002 -0.002 0.16 
(8.44E-10) 
  21.0 75.43 
B3 4.69 -0.001 0.002 -0.002  -0.04 
(0.000) 
 22.0 72.97 
B4 3.48 -0.001 0.002 -0.002   0.06 
(8.8E-4) 
22.1 72.87 
B5 4.08 -0.001 0.002 -0.002 0.15 
(9.62E-10) 
-0.04 
(0.001) 
 20.6 76.50 
B6 2.77 -0.001 0.002 -0.002 0.16 
(1.47E-10) 
 0.07 
(1.4E-4) 
20.5 76.73 
B7 3.04 -0.001 0.002 -0.002 0.16 
(2.22E-10) 
-0.03 
(0.001) 
0.06 
(6.1E-3) 
20.2 77.38 
Values inside the brackets are p values of the corresponding coefficients (p>0.05 is statistically 
insignificant). 
 
Based on the regression analysis, Equation 6-1 is obtained with R2 and SE values of 77% 
and 20% respectively and considered as the final model to estimate the base-use. 
Ŵb(d) = 3.04 – 4.3(10-4)X1 + 1.8(10-3)X2 –1.5(10-3)X3 + 0.16X4 - 0.03X5 + 0.06X6   
         Equation 6-1  
where Ŵb(d) is the estimated daily base water use; d is the daily time index from beginning of 
series (1 on 01 April 1991); X1 = d; X2 is (d – 1127) from 02 Mar 1994; X3 is (d – 2238) from 
16 May 1997; X4 is the day of the week (Monday to Sunday varies from 1-7); X5 is the daily 
total rainfall; and X6 is the maximum daily temperature. 
The inclusion of temperature and rainfall into the model increased the R2 and reduced the SE 
values. It is evident from the model obtained that the base-use is dependent on temperature 
and rainfall and hence weather dependent. This could be attributed to people watering their 
gardens in winter (Gato et al. 2004). This also means that base use represented by the 
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month of lowest usage of each year is not solely for indoor usage. The base use may also 
contain some water used for outdoor purposes especially in cities where people water their 
gardens in winter during dry spells.     
The final base use model indicates that the trends in base use from 1991 to 1994 and from 
1997 to 1999 are slightly declining by 0.001 and 0.002ML/D respectively. However, from 
1994 to 1997 the trend is slightly increasing at 0.002ML/D. The model also indicates that 
base use constitutes 55% of the total daily water use in East Doncaster over the period 1991 
to 1999. 
Seasonal Use 
The seasonal daily use is estimated by subtracting the estimated base use from the 
observed daily water use. Regression models are developed to predict the Potential 
Seasonal water use and the Short Memory Residual. The Potential Seasonal water use 
varies over the year with normal temperature and Short Memory Residual represents the 
quick responses of people to weather changes. 
Potential Seasonal Water Use, Wsp 
As mentioned in Section 3.4.2, potential seasonal use can be modelled as a linear function of 
the heat function, where heat function is based on the response of water use to changes in 
temperature during rainless days. The heat function is estimated by regressing the daily 
seasonal use to the daily maximum temperature during rainless days. The following 
regression equation (Equation 6-2) is obtained with R2 and SE values of 55% and 74% 
respectively. 
Ŵp (d) = -9.52 - 4.6(10-5)X1 + 2.67(10-4)X2 + 1.97(10-3)X3 + 0.57X6  Equation 6-2 
where Ŵp (d) is the estimated potential water use; X1, X2, X3 and X6 are as explained in 
Equation 6-1. 
The daily potential water use is estimated by replacing the daily maximum temperature with 
the daily normal temperature in Equation 6-2. The normal temperature is taken as the 
average daily maximum temperature over the 10-year period, 1991 to 2000. The calculated 
daily potential use is then subtracted from the daily seasonal use for short memory analysis. 
Short Memory Series, Wsr 
The short effects of rainfall, maximum air temperature and residuals are examined through a 
forward selection method of stepwise regression using the following variables in order: 
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? Daily residual temperature - to determine the residual effects of daily air temperature. 
? Daily maximum temperature and daily rainfall to determine the climatic effects in short-
term response of water use. 
? Season is included to verify if there is a seasonal effect in short-term response of water 
use. Based on the analysis of East Doncaster zone data, the season can be grouped into 
three as (1) May to September; (2) November to February; and (3) March, April and 
October. 
? Number of previous days with temperature over 30°C to ascertain the effects of hot 
consecutive days on short-term response to water use. Graeser (1958) revealed that 
maximum daily demands in Dallas, Texas were significantly related to number of previous 
days with maximum temperature over 38°C (Graeser 1958). 
? Number of days after rainfall to prove the postulate that the occurrence of rainfall causes a 
temporary reduction in water use that diminishes over time.  This “dynamic effect” of the 
occurrence of rainfall is visible in a typical summer period in East Doncaster (Figure 6-20). 
It could be noted that each time rainfall occurred, water use is reduced immediately and 
then it gradually resumes to its regular pattern. 
? Antecedent Precipitation Index (API) is also included since past techniques tended to rely 
on this variable for climatic explanation of water use. The API is calculated by 
API = kAPIj-1 + Rj-1 
 where Rj-1 is the rainfall on day j-1. The value of k is dependent on the potential loss of 
moisture and varies seasonally. In this study a value of 0.85 is adopted as being 
representative of the previous day’s rainfall (Bruce and Clark, 1966). 
All the variables considered are significant having p values greater than 0.05. Based on 
these analyses, Equation 6-3 is obtained for the short memory series: 
Ŵs(d)= -0.84 - 2.2(10-4)X1 + 1.56(10-4)X2 - 3.3(10-4)X3 - 0.03X5 + 0.12X6 + 0.14X7 – 0.70X8 + 
0.94X9 + 0.52X10 - 0.06X11      Equation 6-3 
 
where Ŵs (d) is the estimated short memory effects of rainfall and temperature; X1,  X2, X3, 
X4, X5 and X6 are as explained in Equation 6-1; X7 is the daily residual temperature; X8 is for 
the season; X9 is the number of previous days with temperature over 30°C;  X10 is the 
number of days after rainfall; and X11 is the Antecedent Precipitation Index. 
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Total Daily Water Use Model 
The daily total water use is then calculated as the sum of the estimated daily base use and 
daily seasonal use of water. Combining Equations 6-1, 6-2 and 6-3, the final model for the 
total water use is obtained (Equation 6-4):  
Wd = -7.33 – 6.96(10-4)X1 + 2.25(10-3)X2 + 1.4(10-4)X3 + 0.16X4 – 0.06X5 + 0.75X6 + 0.14X7 – 
0.70X8 + 0.94X9 + 0.52X10 - 0.06X11     Equation 6-4 
The estimated daily total water use for East Doncaster water supply distribution zone is 
compared with the recorded daily water use (Figure 6-26) yielding a reasonable correlation 
coefficient, R2 of 65% . The R2 of the total water use model improves from 61% with time and 
residual temperature variables to 65% with the integration of the API. The result is 
satisfactory considering the step changes in demand over the period of study and being at 
the zone level. Previous studies suggest that smaller cities would be harder to model than 
larger cities due to relatively higher inherent randomness in the daily water use data. 
 An independent check was undertaken using the daily water use for East Doncaster zone 
from 01 January 2000 to 01 April 2001. A linear regression between the forecast daily water 
use and the recorded (Figure 6-27) yields a strong correlation coefficient, R2 of 82%. 
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Figure 6-26. Comparison between Recorded and Estimated Daily Water Demand, East Doncaster Zone 
(1991-1999) 
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Figure 6-27. Validation between Recorded and Estimated Daily Water Demand, East Doncaster 
Zone (2000 – 2001) 
6.9.3. Model 2 – Using  Fourier Series Potential Seasonal Use 
Base Use 
The same set of data in Model 1 was used here in Model 2.  The base use exhibits a step 
change in May 1994 and a different growth rate before May 1994 and after May 1997 (Figure 
6-28). During 1994 to 1997, maintenance problems were encountered in the collection of 
water use data according to YVW staff, which could explain the lower consumption during 
these periods. While the first model in Section 6.9.2 included three dummy variables to 
represent these water usage changes during these periods, in this model, water usage is 
adjusted as shown in Figure 6-28. 
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Figure 6-28. Adjusted Daily Base Water Use, East Doncaster, Victoria, Australia, 1991-1999 
Data Adjustment 
Since the data during the period 1994 to 1997 encountered some maintenance problems and 
were lower compared to other water usage in other periods, it was assumed that the values 
recorded by the logger is short by a value which is constant throughout the period in 
question. Therefore, the daily water usage was adjusted by adding a constant value,η, which 
was determined by: 
• regressing the water usage during the month of lowest usage in a year with time 
excluding years 1994 to 1997. The regression equation, 
Wb(calc) = 4.379 + (0.0004d)  Equation 6-5 
where Wb(calc) is the adjusted daily water usage during the lowest month, ML/D and d is 
the daily time index. 
• calculating base use from Equation 6-5 during the month of lowest consumption in a 
year from 1994 to 1997 
• estimating η = 2.77ML/D, as the average of the difference between the calculated and 
recorded base values from 1994 to 1997.  
Base use model’s parameters 
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The same variables used in Model 1 were included into the base use regression Model 2: 
• Weekend or weekdays since preliminary analysis of East Doncaster daily water demand 
data revealed that water demand was higher during weekends than on weekdays (Figure 
6-11). 
• Total daily rainfall, to determine its significance into the daily base water consumption. 
• Maximum temperature to determine its effect on daily base use.  
Table 6-13 shows the coefficients and associated statistics obtained from the regression 
analysis when different combinations of variables were considered. Based on the regression 
analysis, Equation 6-6 was obtained and considered as the final model to estimate the base-
use. 
Ŵb(d) = 3.656 + 0.0004X1 + 0.368X2 – 0.035X3 + 0.042X4  Equation 6-6  
where Ŵb(d) is the estimated daily base water use in ML/D; d is the daily time index from 
beginning of series (1 on 01 April 1991); X1 = d; X2 represents weekends or weekdays 
(weekend=1 and weekdays=0); X3 is the daily total rainfall in mm; and X4 is the maximum 
daily temperature in °C. 
The addition of variables such as temperature and rainfall into the model increased the R2 
and reduced the SE values (Table 6-13). It is evident from the model obtained that the base-
use is dependent on temperature and rainfall and hence weather dependent. This could be 
attributed to people watering their gardens in winter (Gato et al. 2004) or special school 
activities and parks watering. The result of base use being weather dependent is similar to 
results in the first Model (Section 6.9.2) and as obtained by Gato et al. (2003, 2006a, 2006b). 
Table 6-13. Coefficients and associated statistics of alternative base water use models 
Model Intercept Time (X1) 
 
Rainfall, 
mm (X2) 
Max Temp, 
°C (X3) 
Weekends or 
Weekdays (X4) 
SE (%) R2 (%) 
B1 4.415
(5.2E-119)
{41.227}
0.0004 
(2.06E-9) 
{6.202} 
 90.56 12.39
B2 4.527
(6E-120)
{41.710}
0.0004 
(3.16E-9) 
{6.126} 
-0.043
(1.65E-4)
{-3.820}
 88.38 16.86
B3 3.702
(1.35E-20)
0.0004 
(2.07E-10) 
-0.038
(0.001)
0.046
(0.019)
 87.64 18.55
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Model Intercept Time (X1) 
 
Rainfall, 
mm (X2) 
Max Temp, 
°C (X3) 
Weekends or 
Weekdays (X4) 
SE (%) R2 (%) 
{10.113} {6.608} {-3.299) {2.359}
B4 3.656
(1.07E-20)
{10.147}
0.0004 
(9.66E-11) 
{6.739} 
-0.035
(0.002)
{-3.087}
0.042
(0.030)
{2.175}
0.368 
(0.002) 
{3.166} 
86.22 21.47
Values inside the brackets such as ( ) and { } are p and t-statistic values of the corresponding 
coefficients. A p value >0.05 is statistically insignificant. 
The average effect of weather (rainfall and temperature) on the base demand over the nine 
years (3285 days) can be evaluated by using the average recorded daily rainfall of 1.8mm 
and the average recorded maximum temperature of 20°C. Substituting these values in 
Equation 6-6 resulted to the following: 
Wb(weekday) = 3.656 + 0.0004(3285/2) + 0.368(0) – 0.0385(1.80) + 0.0420(20) = 5.08ML/D 
Wb(weekend) = 3.656 + 0.0004(3285/2) + 0.368(1) – 0.0385(1.80) + 0.0420(20) = 5.45ML/D 
The average daily weather effect is = -0.0385(1.80) + 0.042(20) = 0.77ML/D 
for weekdays = 0.77/5.08 = 15.1% for weekends = 0.77/5.45 = 14.1% 
Rainfall and temperature are negatively correlated; the temperature drops due to the 
occurrence of rainfall. The recorded temperature during days with rainfall over the nine-year 
period averaged 17.66°C and rainfall averaged 4.45mm while during days without rainfall the 
temperature averaged 21.67°C. Using Equation 6-6 the effect of rainfall and temperature can 
be evaluated during rainless days and days without rainfall. 
 
The average daily weather effect is: 
During rainless days = -0.0385(0) + 0.042(21.67) = 0.91ML/D 
During days with rain = -0.0385(4.45) + 0.042(17.66) = 0.57ML/D 
The base use equation (Equation 6-6) suggests that the average daily weather effect during 
rainless days is 1.6% higher than days with rainfall.  
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Seasonal Use, Ws 
The seasonal daily use is estimated by subtracting the estimated base use from the 
observed daily water use. Regression models are developed to predict the Potential 
Seasonal water use and the Short Memory Residual. The Potential Seasonal water use 
varies over the year with normal temperature and Short Memory Residual representing the 
quick responses of people to weather changes.   
Potential Seasonal Water Use, Wsp 
The potential seasonal use is first analysed by identifying the seasonal cycles as expressed 
in Equation 3-7. Table 6-14 shows the Fourier coefficients of the seasonal cycle of daily 
water consumption. 
Weather Component, Wsc 
The effects of rainfall and maximum air temperature are examined through a forward 
selection method of stepwise regression using the following variables: 
• Daily maximum temperature and lagged maximum temperature, Tj-1 is the maximum 
temperature on day j-1 
• Daily rainfall ≤ 25mm as adopted in Zhou et al. (2000). 
• Number of days after rainfall to prove the postulate that the occurrence of rainfall causes 
a temporary reduction in water use that diminishes over time.  This “dynamic effect” of 
the occurrence of rainfall in a typical summer period in East Doncaster is discussed in 
Section 5.8.2 and shown in Figure 6-20.  
• Antecedent Precipitation Index (API) is also included since past techniques tended to rely 
on this variable for climatic explanation of water use. The API is calculated by 
API = kAPIj-1 + Rj-1  Equation 6-7 
where Rj-1 is the rainfall on day j-1. The value of k is dependent on the potential loss of 
moisture and varies seasonally. In this study a value of 0.85 for k is used as adopted by 
Bruce and Clark (1966), Zhou et al. (2000) and Gato et al (2006a, 2006b). 
• Number of previous days with temperature over 30°C to ascertain the effects of hot 
consecutive days on short-term response to water use. Graeser (1958) revealed that 
maximum daily demands in Dallas, Texas were significantly related to number of 
previous days with maximum temperature over 38°C. Analysis of East Doncaster data 
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also revealed that at temperature over 30°C daily water use is at its maximum as 
discussed in Section 5.8.3 and as adopted by Gato et al. (2006a, 2006b).  
Table 6-14. Fourier coefficients for seasonal cycle of daily water consumption, 01 Apr 
1991 to – 31 Dec 1999 
Coefficients Number of harmonics, K 
ak bk
1 3.91 0.42
2 0.91 -0.11
3 -0.19 -0.62
4 -0.24 -0.53
5 -0.20 -0.25
6 -0.28 -0.22
7 -0.31 -0.21
8 -0.39 0.04
Coefficients a0 (mean) = 3.52 
 
All the variables considered are significant having p-values lower than 0.05. The R2 and SE 
values of the weather component model are 32% and 2.84 respectively. The coefficients and 
associated statistics of alternative weather component models are shown in Table 6-15. 
Based on these analyses, Equation 6-8 is obtained for the climatic component: 
Ŵsc(d)= -0.898 + 0.0002X1 + 0.196X4  - 0.078X5 + 0.214X6 - 0.065X7 + 2.698X8 - 0.09X9 - 
0.052X10 Equation 6-8 
where Ŵsc(d) is the estimated effects of rainfall and temperature in ML/D; X1 and X4 are as 
explained in Equation 5-2; X5 is the daily rainfall of less than or equal to 25mm in mm; X6 is 
the number of days after rainfall; X7 is the API; X8 is the number of previous days with 
temperature over 30°C;  X9 is the temperature lagged one day in °C; and X10 is the 
temperature lagged for two days in °C. 
Persistence Component, Wsr 
The remaining seasonal use, which is called as the random or error or as Zhou et al. (2000) 
called, the persistence component is modeled using the autoregressive procedure described 
in Equation 3-16. 
  
 199
The resulting equation for the persistence component, Wsr has R2 and SE values of 74% and 
1.87 respectively; 
Wsr(d) = 0.015 + 0.527Ws(d-1)r + 0.088Ws(d-2)r + 0.066Ws(d-3)r + 0.052Ws(d-6)r +  0.13Ws(d-7)r   
  Equation 6-9 
where Wsr(d) is in ML/D; d is the daily time index, d = 1 at the start of the data series, 01 April 
1991. Only the lag days with P-values lower than 0.05 are considered statistically significant 
and are included in Equation 6-9. The coefficients and associated statistics of alternative 
models are presented in Table 6-16. 
Total Daily Urban Water Use Model, Wd 
The daily total water use is then calculated as the sum of the estimated daily base use and 
daily seasonal use of water. The components of the total water use models and the 
corresponding equations are as follows: 
• Base Use, Wb 
Wb = 3.656 + 0.0004X1 + 0.368X2 - 0.035X3 + 0.042X4 (Equation 6-6) 
• Seasonal Component, Wsp 
∑
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coefficients are defined in Table 6-14. 
• Weather Component, Wsc 
Wsc = -0.898 + 0.0002X1 + 0.196X4 – 0.078X5 + 0.214X6 – 0.065X7 + 2.698X8 – 
0.09X9 – 0.052X10  (Equation 6-8) 
• Persistence Component, Wsr 
Wsr(d) = 0.015 + 0.527Ws(d-1)r + 0.088Ws(d-2)r + 0.066Ws(d-3)r + 0.052Ws(d-6)r +  0.13Ws(d-
7)
r  (Equation 6-9) 
The relative contribution of each component to the modelled daily water use is presented in 
Figure 6-29. The estimated daily total water use for East Doncaster water supply distribution 
zone is compared with the recorded daily water use (Figure 6-30) yielding a correlation 
coefficient, R2 of 86%. The R2 value per component of the total water use model is shown in 
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Table 6-17. The strong correlation between the estimated and the recorded values is an 
improvement on the previous model by Gato et al. (2003).  
An independent check was undertaken using the daily water use for East Doncaster zone 
from 01 January 2000 to 01 April 2001. A linear regression between the forecast daily water 
use and the recorded (Figure 6-31) yields R2 of 86%. 
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Table 6-15. Coefficients and associated statistics of alternative weather component models 
Model Intercept Time 
(X1) 
Temp, °C 
(X2) 
Rainfall, 
mm (X3) 
Rainfall 
≤25mm (X5)
DAR (X6) API (X7) Temp>30°
C (X8) 
T-1, day 
(X9) 
T-2, day 
(X10) 
R2(%) SE 
C1 0.521 
(7.25E-5) 
{-3.974} 
0.0004 
(1.04E-5) 
{6.125} 
        1.37 3.41 
C2 -4.995 
(5.16E-94) 
{-21.403} 
0.0003 
(1.03E-6) 
{4.898} 
0.237 
(6.4E-102) 
{22.380} 
       16.78 3.13 
C3 -4.493 
(5.84E-75) 
{-18.904} 
0.0003 
(4.67E-6) 
{4.588} 
0.223 
(1.23E-91) 
{21.103} 
-0.106 
(1.57E-17) 
{-8.58} 
      18.99 3.09 
C4 -4.087 
7.49E-65 
{-17.472} 
0.0002 
(0.0004) 
{3.537} 
0.176 
(8.38E-55) 
{15.950} 
-0.072 
(9.68E-9) 
{-5.754} 
0.266 
(6.91E-33) 
{12.106} 
     23.16 3.01 
C5 -3.142
(6.94E-37)
{-12.88}
0.0001 
(0.025) 
{2.242} 
0.177
(2.85E-58)
{16.488}
-0.067
(3.82E-8)
{-5.515}
0.206
(2.03E-20)
{9.336}
-0.061
(2.49E-28)
{-11.165}
26.55 2.94 
C6 -3.056
(1.65E-34)
{-12.426}
0.0001 
(0.030) 
{2.172} 
0.177
(7.32E-58)
{16.426}
-0.105
(3.16E-9)
{-5.943}
0.198
(1.85E-18)
{8.830}
-0.062
(5.21E-29)
{-11.310}
26.68 2.94 
  
 202 
Model Intercept Time 
(X1) 
Temp, °C 
(X2) 
Rainfall, 
mm (X3) 
Rainfall 
≤25mm (X5)
DAR (X6) API (X7) Temp>30°
C (X8) 
T-1, day 
(X9) 
T-2, day 
(X10) 
R2(%) SE 
C7 -1.564
(2.31E-8)
{-5.604}
0.0001 
(0.015) 
{2.436} 
0.087
(1.23E-10)
{6.461}
-0.112
(1.39E-10)
{-6.442}
0.202
(5.92E-20)
{9.218}
-0.058
(5.77E-27)
{-10.870}
3.140
(8.38E-26)
{10.612}
  
C8 -1.083
(0.0001)
{-3.852}
0.0002 
(0.011) 
{2.545} 
0.189
(1.33E-25)
{10.567}
-0.088
(3.75E-7)
{-5.094}
0.214
(1.08E-22)
{9.893}
-0.064
(4.70E-32)
{-0.065}
2.803
(3.90E-21)
{9.514}
-0.125
(2.37E-17)
{-8.532}
  
C9 -0.898
(0.0002)
{-3.149}
0.0002 
(0.008) 
{2.658} 
0.196
(2.73E-27)
{10.941}
-0.078
(8.86E-6)
{-4.452}
0.214
(9.76E-23)
{9.904}
-0.065
(2.74E-33)
{-12.185}
2.693
(1.55E-19)
{9.111}
-0.09
(3.62E-7)
{-5.101}
-0.05
(0.0003)
{-3.592)
  
Values inside the brackets such as ( ) and { } are p and t-statistic values of the corresponding coefficients. A p value >0.05 is statistically insignificant. 
Table 6-16. Coefficients and associated statistics of alternative persistence component models 
Model Intercept Ws(d-1)r Ws(d-2)r Ws(d-3)r Ws(d-4)r Ws(d-5)r Ws(d-6)r Ws(d-7)r R2 (%) SE 
P1 -0.018
(0.641)
{-0.467}
0.718 
(0) 
{53.071} 
51.35 1.98 
P2 0.001
(0.987)
{0.016}
0.599 
(3E-183) 
{31.309} 
0.172
5.14E-19)
{8.978}
53.31 1.93 
P3 0.005 0.571 0.116 0.112 54.34 1.91 
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Model Intercept Ws(d-1)r Ws(d-2)r Ws(d-3)r Ws(d-4)r Ws(d-5)r Ws(d-6)r Ws(d-7)r R2 (%) SE 
(0.886)
{0.143}
(2.7E-164) 
{29.394} 
(1.72E-7)
{5.241}
(7.37E-9)
{5.801}
P4 0.012
(0.746)
{0.324}
0.576 
(1.2E-165) 
{29.558} 
0.094
(2.39E-5)
{4.233}
0.073
(0.001)
{3.279}
0.071
(0.002)
{3.675}
55.12 1.89 
P5 0.015
(0.681)
{0.412}
0.566 
(4.6E-157) 
{28.678} 
0.092
(4.57E-5)
{4.084}
0.061
(0.007)
{2.712}
0.021
(0.347)
{0.941}
0.090
(3.62E-6)
{4.642}
55.28 1.88 
P6 0.013
(0.730)
{0.345}
0.541 
(4E-144) 
{27.297} 
0.094
(3.36E-5)
{4.155}
0.063
(0.003)
{3.012}
0.038
(0.068)
{1.826}
0.114
(7.56E-9)
{5.798}
55.04 1.89 
P7 0.015
(0.694)
{0.393}
0.528 
(5.7E-140) 
{26.850} 
0.088
(8.29E-140)
{3.942}
0.066
(0.001)
{3.268}
0.052
(0.009)
{2.608}
0.130
(3.7E-11)
{6.645}
55.54 1.87 
Values inside the brackets such as ( ) and { } are p and t-statistic values of the corresponding coefficients. A p value >0.05 is statistically insignificant. 
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Figure 6-29. Relative Contribution of Each Component to the Modelled Daily Water Use  
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Figure 6-30. Comparison between Recorded and Modelled Daily Water Demand, East 
Doncaster, Victoria, Australia (1991-1999) 
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Table 6-17. Summary of the R2 value of each Component of the Total Water Use Model 
Component R2 (%) Sum of R2 
Base and Seasonal Use 46 46 
Weather Component 23 69 
Auto Regression 17 86 
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Figure 6-31. Comparison between Recorded and Modelled Daily Water Demand, East 
Doncaster, Victoria, Australia (2000-2001) 
Validity Check of the Model 
To check the validity of the model, a statistical test known as relative error as employed by 
Zhou et al. (2000) and Gato et al (2006a) was adopted. The relative error determines the 
ratio of absolute error to the measured consumption in percent. As reported by Zhou et al. 
(2000) and Gato et al (2006a) this statistic eliminates the bias of high consumption errors 
that mask those of low consumptions by sheer magnitude and is a standard measure of error 
in data analysis. 
Relative errors of estimates based on the total water use model developed indicate that 66% 
of model estimates fall within the error band of ±15% and over 95% are within the range of 
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±40% (Figure 6-32). During summer period, 62% of model estimates fall within the error 
band of ±15% and over 93% are within the range of ±40% compared with 71% and 98% 
respectively during the winter period (Figure 6-33). 
In the calibration period from 01 January 2000 to 01 April 2001, 83% of the daily estimates 
are within ±15% error band (Figure 6-32). 
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Figure 6-32. Relative Errors of Modeled (01 Apr 1990 – 31 Dec 1999) and of Calibrated (01 Jan 
2000 – 01 Apr 2001) Daily Consumption, East Doncaster Zone, Victoria, Australia   
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Figure 6-33. Comparison of Relative Errors Between Summer and Winter Modelled Values, 
East Doncaster Zone, Victoria, Australia (01 Apr 1990 – 31 Dec 1999) 
Comparison with Model 1  
A comparison between the first model using the heat function as described by Maidment et 
al. (1985) and Model 2 using the Fourier series function as adopted by Gato et al (2006a) 
was undertaken by comparing the relative errors in the modelled demand values from 01 
April 1991 to 31 December 1999 and also during the calibration period from 01 January 2000 
to 01 April 2001. 
While relative errors of estimates based on the total water use model developed using the 
Fourier series indicate that 66% of model estimates fall within the error band of ±15% and 
over 95% are within the range of ±40%, the first model using the heat function yield 55% and 
89% respectively (Figure 6-34).  
In the calibration period, 84% of model estimates using the heat function fall within the error 
band of ±15% compared to 83% using the Fourier series (Figure 6-35). 
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Figure 6-34. Comparison of Relative Errors in Modelled Demand Values by Using Fourier 
Series and Heat Function, East Doncaster Zone, Victoria, Australia (01 Apr 1991 – 
31 Dec 1999) 
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Figure 6-35. Comparison of Relative Errors in Modelled Demand Between Using the Fourier 
Series and Heat Function, East Doncaster Zone, Victoria, Australia (01 Jan 2000 – 
01 Apr 2001) 
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6.9.4. Model 3 – Threshold Temperature and Rainfall 
In this model, the evaluation begins with identification of threshold levels of temperature and 
rainfall and estimation of base use using these thresholds. As in Models 1 and 2 (Sections 
6.9.2 – 6.9.3), alternative models for the components of the seasonal water use, potential 
water use and short memory series are then compared. The Microsoft excel package is also 
used to carryout the Step-wise regression analysis. 
Base Use with Threshold Levels 
Identification of Temperature Threshold 
To identify the temperature threshold level, the daily water use was regressed against daily 
maximum temperature as employed by Gato et al. (2006b). Analysis of the resulting 
regression equation suggests that it is not possible to determine the temperature threshold 
level. Analysis of the plot from the linear regression analysis also indicates that to achieve 
linearity, water use (x) needs to be transformed, in this case a reciprocal function was used 
(Devore, 1991).  Then a polynomial function of daily maximum temperature, (Td) is fitted 
against the reciprocal of the corresponding daily water use, 1/(Wd) resulting to equation 11, 
where y = Td, daily maximum temperature, and x = 1/Wd, daily water use. 
y = 354.29 (x)2 – 168.14 (x) + 35.218     Equation 6-10 
Taking the derivative of Equation 6-10 and setting the derivative to zero yields, 
y = 15.27°C         Equation 6-11 
The temperature of 15.27°C is taken as the temperature threshold, τ for East Doncaster 
(Figure 6-36). It could be noted that at temperature higher than 15.27°C, daily water use 
increases as the temperature increases but below this threshold, daily water use seemed to 
be independent of temperature and increases in water use at this level could be attributed to 
population increase or other factors (Gato et al. 2006b). The identified temperature threshold 
accounts for 23%ile of the daily maximum temperature recorded from April 1991 to 
December 1999 and usually occurred during the months of May to September. The minimum 
temperature recorded during this period was 8.5°C.  
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Figure 6-36. Threshold Temperature, Melbourne Regional Office, Station #86071 (01 Apr 1991 – 31 Dec 
1999) 
Identification of Rainfall Threshold 
The approach adopted to identify rainfall threshold was similar to identifying temperature 
threshold as used by Gato et al. (2006b) with the polynomial function of daily water use, Wd 
fitted against daily rainfall, Rd on days when rain occurs yielding Equation 6-12, 
Rd = -0.0397Wd2 + 0.5736Wd + 2.7497     Equation 6-12 
Taking the derivative of Equation 6-12 and setting the derivative to zero yields, 
Rd = 4.82mm 
The rainfall depth of 4.82mm is taken as the rainfall threshold, γ for East Doncaster (Figure 
6-37). It could be noted that at rainfall lower than 4.82mm, daily water use increases as the 
rainfall decreases but above this threshold, anymore rainfall would no longer contribute to 
daily water use reduction. This could be due to the resulting saturated soil moisture content 
or water use has already been driven to its base use level. The identified rainfall threshold 
accounts for 90%ile of the daily rainfall recorded from April 1991 to December 1999. The 
maximum rainfall recorded during this period was 89.2mm. 
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Figure 6-37. Threshold Temperature, Melbourne Regional Office, Station #86071 (01 Apr 1991 – 
31 Dec 1999) 
Using Equation 3-8, base use is then regressed for the condition of daily water usage at 
equal or less than the threshold temperature of 15.27°C and against rainfall greater than the 
threshold level of 4.8mm, noting that the temperature term drops out of the equation. The 
results revealed that daily rainfall is not a significant parameter having ρ value of greater than 
0.05 (0.84). The daily base values are then regressed with time step and the day of the week 
taken as 0 for weekends and 1 for weekdays which is a significant factor as in Models 1 and 
2.  
Table 6-18 shows the coefficients and the associated statistics in developing the model. The 
multiple regression equation obtained has R2 and SE values of 14% and 1.35 respectively.  
The corresponding base use equation is, 
Ŵb(d) = 5.197 + 0.0004X1 - 0.738X2  Equation 6-13 
where Ŵb(d) is the estimated daily base water use; d is the daily time index from beginning of 
series (1 on 01 April 1991) and X2 is 0 for weekends and 1 for weekdays. The equation 
shows that the trend in daily water use from 1991 to 1999 is slightly increasing at a rate of 
0.0004 ML/d and there is a reduction in daily water use of 0.74ML/d during weekdays 
compared to weekends. Equation 6-13 is a base use model that represents indoor water use 
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and is not climate dependent. The base use values were then estimated using Equation 6-
13.   
Table 6-18. Coefficients and associated statistics of alternative base use models with threshold 
levels of temperature and rainfall 
Model Intercept Time Total 
Rainfall 
Day of the 
Week 
Weekends or 
Weekdays 
SE (%) R2 (%) 
BTR1 4.625 0.0004  26.55 8.03
BTR2 4.692 0.0004 -0.007
(0.744)
{-0.327}
 26.66 8.13
BTR3 4.175 0.0004 -0.007
(0.740)
{-0.332)
0.135
(0.039)
{2.093}
 26.25 11.80
BTR4 5.186 0.0004 0.0014
(0.946)
{0.068}
-0.741 
(0.012) 
{-2.566} 
25.99 13.55
BTR5 5.197 0.0004 -0.738 
(0.011) 
{-2.599} 
25.86 13.54
Values inside the brackets such as ( ) and { } are p and t-statistic values of the corresponding 
coefficients. A p value >0.05 is statistically insignificant. 
 
Seasonal Use 
The calculated base use values were then subtracted from the observed daily water use to 
obtain the daily seasonal use. Regression models were developed to predict the Potential 
Seasonal water use and the Residuals. The Potential Seasonal water use varies over the 
year with normal temperature and the Residuals represent the quick responses of people to 
weather changes.   
Potential Seasonal Water Use, Wp 
Potential seasonal use can be modelled as a linear function of the heat function where heat 
function is based on the response of water use to changes in temperature during rainless 
days or by applying the Fourier series on the remaining seasonal use. In this study, these 
two approaches were adopted to determine which method is better suited to East Doncaster. 
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The heat function assumed that there is a functional relationship between water use and air 
temperature in the absence of recent rainfall. Thus, the heat function is estimated by 
regressing the daily seasonal use to the daily maximum temperature during rainless days. 
The following regression equation (Equation 6-14) is obtained with R2 and SE values of 57% 
and 3.47 respectively. 
Ŵp (d) = -1.087 + 0.665X4       Equation 6-14 
where Ŵp (d) is the estimated potential water use and X4 is (Td - τ), where Td is the daily 
maximum temperature, °C and τ is the threshold temperature, °C.               
The daily potential water use based on the heat function is estimated using Equation 6-14. 
The calculated daily potential use is then subtracted from the daily seasonal use for short 
memory analysis. 
The daily seasonal use of water using Fourier series analysis (Equation 3-7) was estimated. 
The Fourier coefficients used are presented in Table 6-19. 
Table 6-19. Fourier Coefficients for daily potential water use, 01 Apr 1991 - 31 Dec 1999 
Coefficients Number of harmonics, K 
ak bk 
1 4.25 0.48 
2 0.92 0.03 
3 -0.20 -0.55 
4 -0.28 -0.55 
5 -0.23 -0.26 
6 -0.29 -0.22 
7 -0.34 -0.18 
8 -0.41 0.11 
Coefficient a0 = mean = 2.35   
  
The daily potential water use calculated using Fourier analysis is then subtracted from the 
daily seasonal use and the remaining seasonal use is used for short memory analysis. 
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Climatic Effects, Wc 
To determine the effects of temperature and rainfall, two sets of data were analysed, one is 
the remaining water use based on heat function and the other set is based on the Fourier 
analysis. These effects were examined through a forward selection method of stepwise 
regression using the following variables: 
• Daily temperature - to determine the effects of daily air temperature on water usage.  
• Daily rainfall – to determine the effects of rainfall on water use. 
• Number of previous days with temperature over 35°C to ascertain the effects of hot 
consecutive days on short-term response to water use. Graeser (1958) revealed that 
maximum daily demands in Dallas, Texas were significantly related to number of 
previous days with maximum temperature over 38°C. 
• Number of days after rainfall to prove the postulate that the occurrence of rainfall causes 
a temporary reduction in water use that diminishes over time.  This “dynamic effect” of 
the occurrence of rainfall in East Doncaster zone is noted in Gato et al (2003). 
• Season – to determine the effects of changing seasons on daily water use. 
All the variables adopted in the model have p values equal or lower than 0.05 which is 
considered as statistically significant. Table 6-20 and Table 6-21 show the variables used in 
developing the model and their corresponding coefficients. Table 6-20 is based on potential 
use calculated using heat function and Table 6-21 is based on potential use calculated using 
Fourier series. 
In Table 6-20, where the potential use is based on heat function, the model with higher R2 
and lower SE values of 9.17% and 3.0 is model HF17. The seven variables included in this 
model are time, daily maximum temperature, number of days after rainfall, day of the week, 
rain lower than the threshold value, rain higher than the threshold value, number of days 
where temperature is above 35°C and temperature lagged for a day. An autoregressive 
analysis of the residuals from HF17 model yielded an overall total water use model with R2 of 
77.44%. 
In Table 6-21, where the potential use is based on Fourier analysis, the model with higher R2 
and SE values of 34.87% and 2.77 is model FS15. This model includes 11 variables such as 
time, daily maximum temperature, temperature threshold, number of days after rainfall, day 
of the week, rain below threshold, rain higher than the threshold, season, days with 
temperature above 35°C, temperature lagged for one day and temperature lagged for two 
days. An autoregressive analysis of the residuals from this model resulted to an overall water 
use model with R2 of 79.33%. However, autoregressive analysis of other models show that 
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model FS8 will have a higher overall water use model R2 of 79.69%. This is higher than 
overall water use R2 of models FS14 and HF17 in Table 6-20. The model has only seven 
variables such as time, daily rainfall, daily maximum temperature, number of days after 
rainfall, temperature lagged for one day and temperature lagged for two days. This could be 
the reason why FS8 model has lower R2 value (28.96%) than model FS14 (34.87%). 
Considering the lower number of variables used and higher R2 result in the overall water use 
model, model FS8 is adopted for the climatic component with the following equation 
(Equation 6-15): 
Ŵc(d) = -3.54 + 4(10-4)X1 + 0.30X5 – 0.09X6 + 0.22X7 - 0.09X8 – 0.07X9 Equation 6-15 
where Ŵs (d) is the estimated short memory effects of rainfall and temperature; X1 is as 
explained in Equation 6-13; X5 is the daily residual temperature; X6 is for the rain; X7 is the 
number of days after rainfall;  X8 is the temperature lagged fro one day; and X9 is the 
temperature lagged for two days. 
Residuals, Wr 
The residuals of all climatic models shown in Table 6-20 and Table 6-21 are fitted with 
autoregressive procedure as adopted by Zhou et al. (2000) to account for the dependence of 
water use on its own past values. The autoregressive equation is presented in Equation 6-
16; 
Ŵr = ε0 + ε1 Rd-1 + ε2 Rd-2 + …. + εr Rd-n     Equation 6-16  
where R is the daily residual, r the order of the autoregressive procedure, AR(r), and  ε0, ε1, 
ε2,…….εr are the coefficients of the AR(r). 
Analysis of the results incorporating total water use components such as base use, potential 
water use, climatic effects and the residuals fitted with autoregressive procedure resulted to 
model FS8 to be the best model (Table 6-21). The autoregressive equation fitted to this 
model is presented as Equation 6-17: 
Wr = 0.03 + 0.59Rd-1 + 0.06Rd-2 + 0.09Rd-3 + 0.13Rd-7   Equation 6-17 
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Table 6-20. Coefficients and Associated Statistics of the Alternative Short Memory Effects Model (Heat Function) 
Model Intercept Time Rainfall Temp DAR DOW Rain1 Rain2 Season Temp> 
35°C 
Temp-
1d 
Temp-2d R2 
(%) 
SE 
 
Total 
R2 
HF1 -0.81 
(7E-11) 
0.0003 
(7.8E-7) 
-0.05 
(3E-5) 
         1.60 3.1 75.65 
HF2 -0.30 
(0.21) 
0.0003 
(3.3E-7) 
-0.06 
(8E-6) 
-0.03 
(0.01) 
        1.82 3.1 76.12 
HF3 -0.12 
(0.63) 
0.0003 
(5.5E-5) 
-0.04 
(0.00) 
-0.04 
(3E-5) 
0.23 
(5E-14) 
       3.86 3.1 76.19 
HF4 -0.51 
(0.06) 
0.0003 
(5.4E-5) 
-0.04 
(0.00) 
-0.04 
(3E-5) 
0.23 
(3E-14) 
0.10 
(0.00) 
      4.25 3.1 76.25 
HF5 -0.21 
(0.44) 
0.0003 
(7.5E-5) 
 -0.05 
(2E-6) 
0.21 
(5E-11) 
0.10 
(0.00) 
-0.28 
(3E-6) 
-0.04 
(0.00) 
    4.86 3.1 76.30 
HF6 -0.58 
(0.03) 
0.0003 
(4.8E-5) 
-0.04 
(0.00) 
-0.06 
(4E-6) 
0.24 
(1E-14) 
0.10 
(0.00) 
  0.17 
(0.05) 
   4.39 3.1 76.48 
HF7 -0.16 
(0.57) 
0.0002 
(72E-5) 
-0.04 
(0.00) 
-0.06 
(9E-8) 
0.23 
(8E-14) 
0.10 
(0.00) 
   1.75 
(3E-4) 
  4.72 3.1 76.30 
HF8 -0.205 
(0.47) 
0.0003 
(6E-5) 
-0.04 
(0.00) 
-0.08 
(2E-9) 
0.24 
(1E-14) 
0.10 
(0.00) 
  0.24 
(0.00) 
2.03 
(3E-5) 
  5.00 3.1 76.62 
HF9 -0.06 
(0.82) 
0.0002 
(7.18E-5) 
 -0.09 
(6E-10) 
0.23 
(3E-16) 
0.10 
(0.00) 
-0.26 
(1E-5) 
 0.22 
(0.01) 
2.06 
(2E-5) 
  5.29 3.1 76.63 
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Model Intercept Time Rainfall Temp DAR DOW Rain1 Rain2 Season Temp> 
35°C 
Temp-
1d 
Temp-2d R2 
(%) 
SE 
 
Total 
R2 
HF10 0.12 
(0.67) 
0.0002 
(8.77E-5) 
 -0.09 
(5E-11) 
0.21 
(2E-11) 
0.10 
(0.00) 
-0.30 
(8E-7) 
-0.41 
(0.00) 
0.24 
(0.00) 
2.12 
(1E-5) 
  5.66 3.1 76.63 
HF11 -0.90 
(0.0002) 
0.0003 
(2.4E-7) 
 -0.07 
(8E-6) 
      0.07 
(1E-5) 
 1.8 3.1 76.94 
HF12 -1.46 
(8.8E-9) 
0.0003 
(5.77E-7) 
 -0.08 
(2.3E-10) 
       0.11 
(1.3E-17) 
3.73 3.1 77.18 
HF13 -1.21 
(1.8E-6) 
0.0003 
(2.69E-6) 
-0.08 
(1.4E-10) 
-0.10 
(1.1E-14) 
       0.13 
(2.8E-22) 
5.19 3.1 77.17 
HF14 -1.03 
(4.1E-5) 
0.0002 
(0.0003) 
-0.06 
(3.3E-7) 
-0.12 
(5.5E-20) 
0.24 
(7.8E-15) 
      0.13 
(4.3E-23) 
7.28 3.0 77.24 
HF15 -1.42 
(3.4E-7) 
0.0002 
(0.0003) 
-0.06 
(6.5E-7) 
-0.12 
(5.3E-20) 
0.24 
(5.9E-15) 
0.10 
(0.00) 
     0.13 
(4.9E-23) 
7.65 3.0 77.29 
HF16 -1.02 
(0.00) 
0.0002 
(0.00) 
-0.06 
(2.3E-7) 
-0.15 
(2.1E-24) 
0.23 
(1.4E-14) 
0.10 
(0.00) 
   2.12 
(6.9E-6) 
 0.13 
(1.5E-24) 
8.34 3.0 77.34 
HF17 -0.68 
(0.02) 
0.0002 
(0.00) 
 -0.15 
(1.6E-27) 
0.20 
(5.5E-11) 
0.10 
(0.00) 
-0.36 
(3.3E-9) 
-0.06 
(2.4E-7) 
 2.23 
(2E-6) 
 0.13 
(8E-26) 
9.17 3.0 77.44 
 
 
 
 
 
Table 6-21. Coefficients and Associated Statistics of the Alternative Short Memory Effects Model (Fourier Series) 
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Model Intercept Time Rainfall Temp TempT DAR DOW Rain1 Rain2 Season Temp> 
35°C 
Temp-1d Temp-2d R2 (%) SE 
 
Total 
R2 
FS1 -0.18 
(0.16) 
0.0004 
(1E-10) 
-0.18 
(1E-42) 
          8.36 3 72.80 
FS2 -5.41 
(9E-113) 
0.0004 
(8E-9) 
 0.26 
(6E-121) 
         19.76 3 78.75 
FS3 -4.73 
(1E-82) 
0.0004 
(9E-10) 
 0.48 
(4E-112) 
       -0.14 
(10E-
20) 
 22.18 3 78.82 
FS4 -4.30 
(8E-65) 
0.0004 
(2E-10) 
 0.36 
(2E-115) 
       -0.08 
(5E-5) 
-0.09 
(2E-9) 
23.20 3 79.05 
FS5 -4.76 
(4E-88) 
0.0003 
(6E-8) 
-0.14 
(4E-30) 
0.24 
(2E-108) 
         23.53 3 78.26 
FS6 5.54 
(0.0002) 
0.0003 
(7E-8) 
-0.14 
(4E-30) 
-0.51 
(1E-6) 
0.78 
(1E-12) 
        24.95 3 78.35 
FS7 -3.94 
(8E-56) 
0.0004 
(3E-9) 
-0.12 
(2E-22) 
0.33 
(8E-99) 
       -0.08 
(3E-5) 
-0.06 
(1E-5) 
26.00 3 78.89 
FS8 -3.54 
(3E-46) 
0.0003 
(4E-7) 
-0.09 
(8E-13) 
0.30 
(10E-84) 
 0.22 
(1E-26) 
     -0.09 
(8E-7) 
-0.07 
(7E-6) 
28.80 3 79.69 
FS9 5.57 
(9.2E-5) 
0.0002 
(0.000) 
-0.11 
(1E-21) 
-0.52 
(4E-7) 
0.76 
(1E-12) 
0.33 
(9E-30) 
       28.44 3 78.30 
FS10 5.26 0.0002 -0.11 -0.53 0.77 0.33 0.10       28.79 3 78.55 
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Model Intercept Time Rainfall Temp TempT DAR DOW Rain1 Rain2 Season Temp> 
35°C 
Temp-1d Temp-2d R2 (%) SE 
 
Total 
R2 
(0.0002) (0.000) (4E-21) (2E-7) (5E-13) (5E-30) (0.00) 
FS11 5.58 
(8.4E-5) 
0.0002 
(0.000) 
 -0.54 
(2E-7) 
0.77 
(4E-13) 
0.30 
(2E-24) 
0.10 
(0.00) 
-0.38 
(3E-11) 
-0.11 
(5E-21) 
    29.40 3 78.18 
FS12 4.10 
(0.003) 
0.0002 
(0.000) 
 -0.41 
(5E-5) 
0.58 
(3E-8) 
0.29 
(9E-24) 
0.10 
(0.00) 
-0.41 
(3E-13) 
-0.12 
(5E-23) 
 4.76 
(5E-26) 
  32.26 3 78.77 
FS13 3.38 
(0.01) 
0.0002 
(0.000) 
 -0.30 
(0.003) 
0.52 
(7E-7) 
0.27 
(5E-21) 
0.10 
(0.00) 
-0.40 
(5E-13) 
-0.11 
(4E-21) 
-0.60 
(5E-14) 
4.11 
(1E-19) 
  33.67 3 79.21 
FS14 3.51 
(0.01) 
0.0002 
(4E-5) 
-0.10 
(8E-17) 
-0.22 
(0.03) 
0.52 
(7E-7) 
0.31 
(2E-28) 
0.10 
(0.00) 
  -0.46 
(2E-8) 
3.98 
(9E-19) 
-0.08 
(2E-6) 
-0.03 
(0.04) 
34.26 3 79.28 
FS15 3.79 
(0.006) 
0.0002 
(7E-15) 
 -0.23 
(0.02) 
0.52 
(7E-7) 
0.28 
(6E-23) 
0.10 
(0.00) 
-0.37 
(3E-11) 
-0.10 
(7E-17) 
-0.46 
(2E-8) 
4.08 
(10E-20) 
-0.08 
(4E-6) 
-0.03 
(0.05) 
34.87 3 79.33 
*TempT = Temperature Threshold 
* DOW = day of the week 
* Rain1 = rain lower than the threshold value 
* Rain2 = rain higher than the threshold value 
* Temp_1 = temperature lagged for one day 
* Temp_2 = temperature lagged for two days 
p values are inside the brackets 
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The parameter Rd-7 indicates the significant “day of the week” cyclic effect since more water 
is used on weekends than on weekdays in East Doncaster (Figure 6-11). This “day of the 
week” effect is also present in previous models developed by Maidment et al. (1985) for 
Austin, USA where less water is used on weekends than weekdays and Zhou et al. (2000) 
for Greater Melbourne and Gato et al. for East Doncaster (2006b). 
Total Daily Water Use Model, Wd 
The daily total water use for East Doncaster water supply distribution zone was then 
calculated as the sum of the estimated daily base use and daily seasonal use of water. This 
included the following equations and variables derived on the analysis of the daily data over 
the 10-year period (1991 – 2001) for East Doncaster zone: 
For base use: 
Ŵb(d) = 5.197 + 0.0004X1 - 0.738X2  (Equation 6-13)  
where Ŵb(d) is the estimated daily base water use; d is the daily time index from beginning of 
series (1 on 01 April 1991); X1 = d; X2 is 0 for weekends and 1 for weekdays. 
For potential use: 
∑
=
⎟⎠
⎞⎜⎝
⎛ ++=
K
k
kkp j
kbjkaaW
1
0 365
2sin
365
2cos ππ  (Equation 3-7) 
where a0 is the mean, coefficients ak and bk are shown in Table 6-19, and K is the number of 
harmonics, which is eight for this study, j = 1, 2, ….365 and j = 1 corresponds to the first day 
of each year, and the seasonal pattern repeats on a yearly basis. 
For climatic effects on water use: 
Ŵc(d) = -3.54 + 4(10-4)X1 + 0.30X5 – 0.09X6 + 0.22X7 - 0.09X8 – 0.07X9 (Equation 6-15) 
where Ŵs (d) is the estimated short memory effects of rainfall and temperature; X1 is as 
explained in Equation 13; X5 is the daily residual temperature; X6 is for the rain; X7 is the 
number of days after rainfall;  X8 is the temperature lagged fro one day; and X9 is the 
temperature lagged for two days. 
For residuals: 
Wr = 0.03 + 0.59Rd-1 + 0.06Rd-2 + 0.09Rd-3 + 0.13Rd-7 (Equation 6-17) 
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The estimated daily total water use for East Doncaster water supply distribution zone is 
compared with the recorded daily water use (Figure 6-38) yielding a correlation coefficient, 
R2 of  80%. The result is higher than obtained in Model 1 (Section 6.9.2) and Gato et al 
(2004) which is 0.65, but lower than Model 2 (Section 6.9.3) and similar to Gato et al. 
(2006b). This could be due to the adjusted values during the period 1994 to 1997 and the 
fitting of autoregressive procedure to the residuals of the model. 
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Figure 6-38. Comparison of Recorded and Estimated Daily Water Demand, East Doncaster 
Zone, 1991 - 1999  
An independent check was undertaken using the daily water use for East Doncaster zone 
from 01 January 2000 to 01 April 2001. A linear regression between the forecast and the 
recorded daily water use yields a R2 of 81% (Figure 6-39).  
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Figure 6-39. Comparison of Recorded and Estimated Daily Water Demand, East Doncaster 
Zone, 2000 - 2001 
6.10. Summary 
This chapter focuses on the analysis of a residential water supply distribution zone data and 
the development of a daily urban residential water demand model.  
Demand Profiles 
Summer (January) and Winter (July) Demand Profiles 
Both demand profiles for January and July were represented by two peaks occurring in the 
morning and in the evening.  While the highest peak for the January demand profile occurred 
in the evening the July profile has it in the morning. This would possibly mean that in summer 
people tended to use more water at night time while in winter higher water usage occurred in 
the morning. It is also evident that water consumption in January (summer) was higher than 
in July (winter) across all times due to outdoor use and school holidays where people were at 
their houses most of the time. 
The demand profile for January was characterised by a morning peak of about 20.48ML/D at 
around 9:30am. The level of demand then decreased slightly until 3:00pm before increasing 
to a night time peak of 30.78ML/D at around 8:30pm. In July, the average half-hourly 
demand profile was characterised by a morning peak of approximately 10.5ML/D between 
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9:30am to 10:00am. The level of demand gradually decreased until 3:30pm before it started 
to rise to a night time peak of 7.15ML/D at around 6:00pm.  
Weekdays and Weekends Demand Profiles 
A comparison of weekdays and weekends in July revealed that both of them have the same 
profiles however, morning peaks occurred two hours earlier on weekdays than weekends 
while evening peaks occurred an hour later except Fridays. Water usage was higher on 
weekends than on weekdays. 
The half-hourly demand profile for each day during weekdays of January followed a pattern 
of a morning peak at 9:30am from 19.21ML/D on Thursdays to around 21.05ML/D on 
Mondays. This was followed by a gradual decline in demand levels until it reached around 
10.08ML/D as early as 2:00pm on Thursdays to approximately 10.68ML/D at 3:00pm on 
Mondays before rising again to a maximum peak of the day of 33.69ML/D at approximately 
8:00pm. The demand profile for weekends in January followed a similar pattern as that for 
weekdays. However, the morning peak occurred an hour later than on weekdays (10:30am) 
and at a higher demand level (23.81ML/D), and the evening peaks occurring half an hour to 
an hour earlier on Saturdays (7:00pm – 7:30pm) and at lower demand levels (32.89ML/D).  
The half-hourly demand profile for each day of the week in July during weekdays was 
characterised by a morning peak at around 8:00am from 11.19ML/D on Mondays increasing 
to 11.88ML/D on Fridays. The level of demand gradually declined to around 3ML/D between 
2:30pm to 3:30pm before it rose again at around 4:00pm to 7.68ML/D around 7:00pm except 
on Fridays where the evening peak occurred an hour earlier, 6:00pm of 6.87ML/D. On 
weekends in July, the average half-hourly demand profile was characterised by a morning 
peak of around 15ML/D between 10:00am to 10:30am. The level of demand started to 
decline until 4:00pm when it began peaking again to a night time high of around 8ML/D 
(Saturdays) and 9ML/D (Sundays) between 5:30pm and 6:00pm. 
Trends in Half-hourly Demand Profiles 
The trend in January demand levels over ten years is increasing although there are years 
when demand levels dropped. Over the period of study (1991 to 2001), the highest demand 
level across all time intervals was noted in 2001 due to lower monthly rainfall in 
2001(10.92mm, the lowest January rainfall over 10 years) and additional household 
connections. Other years of higher January demand levels included 1999 and 1997 where 
monthly rainfall is below 30mm for 1999 and 1997). The lowest demand level was observed 
in January 1992 and this could be due to monthly rainfall above 30mm. The remaining years 
of lower demand January levels are 2000, 1996, 1994, 1993 and 1992 where monthly 
rainfalls are more than 30mm.  
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Over the period of study (1991 to 2000), the highest demand levels for July were observed in 
2000. Sudden increases in demand levels occurred between 1998 and 1999, between 1996 
and 1997 and between 1991 and 1992 due to lower monthly rainfalls in 1999, 1997 and 1992 
(17.8mm, 18.2mm and 26.8mm respectively). The lowest demand levels observed in 1994 
despite having recorded the lowest monthly rainfall of only 12mm was due to operation 
malfunction in the collection of data (YVW staff personal communication). The trend in July 
demand levels is steadily increasing from 1991 to 2000. The higher monthly rainfall in some 
years did not cause a drop in demand levels. In comparison the January trend is also 
increasing over the period of study, higher monthly rainfall in some years caused a drop in 
demand levels. The January water usage being a representative of summer use (outdoor 
use) was affected by rainfall than the July demand which is a representative of winter use 
(indoor use). 
Daily Usage 
A mean daily water usage of 8.4ML/D, a maximum value of 29.78ML/D and a standard 
deviation of 5.28 are calculated based on the analysis of 3228 daily values over the period 
1991 – 2001.  
The seven-day demand profile developed is characterised by a minimum daily usage on 
Tuesday of approximately 7.97ML/D gradually increasing until a maximum peak of 9.14ML/D 
was attained on Saturday. Demand levels are higher on Saturdays and Sundays which could 
be attributed to most people being in their houses not in their offices, schools and other 
places doing their laundry, dishwashing, watering their gardens and doing other water related 
tasks they could not possibly do during weekdays.  
Results of the analysis revealed that the average daily weekend water usage is higher than 
that of daily water usage on weekdays (8.92ML/D vs 8.19ML/D).  
Monthly Usage 
It was observed that June has the lowest in terms of average daily water usage (4.88ML/D), 
average total monthly water usage (146.4ML) and standard deviation. This indicates that 
there is not much variation in water consumption during winter (June) because winter usage 
is mostly composed of indoor water use.  
The months with the maximum average daily water usage and highest standard deviations 
were January and February of 14.89ML/D due to outdoor and seasonal water usage such as 
garden watering and the use of air conditioning systems which are  highly variable because 
of the influence of rainfall, temperature and other factors.  
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Over the 10 - year period of study, except in 1994 when there is a malfunction in collecting 
the data, the lowest January and February monthly total consumptions are observed in 1992, 
August in 1996 and December in 1991 due to total monthly rainfall higher than 30mm. The 
highest monthly consumption happened when total monthly rainfall is below 30mm and due 
to additional household connections. 
 Seasonal Usage 
A total of 3228 daily data was analysed where, 859 days are for winter, 838 days for spring, 
769 days for autumn and 762 days for summer. The maximum daily average of 14ML/D 
resulting to the maximum total usage for the season of 1346ML was recorded in summer 
while the minimum of 5ML/D yielding a minimum total for the season of 458ML was observed 
in winter. The standard deviation for winter is the lowest among the four seasons which is 
similar to the result of the analysis of the monthly data where standard deviations for winter 
months’ usage are lower compared to other months of the year due to the winter water 
consumption comprising mostly of indoor use as revealed also in the analysis of end use 
data.  
The seven-day demand profile for winter, spring and autumn followed the same pattern 
where average daily water demand from Monday to Thursday was lower compared to other 
days of the week. This could be due to most members of the household are at work or at 
school. The level of demand increased on Fridays reaching the maximum peak of the week 
during winter and autumn. However, in spring the level of demand continued to increase until 
it reached the maximum peak on Saturdays. In summer, the demand profile started with an 
almost constant daily demand from Monday to Thursday before declining to the lowest 
average daily use on Fridays and increased sharply on Saturdays recording the maximum 
peak of the week. 
Annual Usage 
The average annual water use in East Doncaster water supply distribution zone is around 
3230 ML/Year. The annual level of demand and the average daily usage per year have been 
gradually increasing from 1994 to 2000. The maximum daily usage of 28.12ML/D is recorded 
in 1997 and this could be attributed to lower annual rainfall (359.8mm). 
Factors Influencing Urban Residential Water Demand 
Population 
Urban water demand has always been a function of population and the number of household 
connections. The population in East Doncaster incurred an average decrease of 0.2% per 
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year between 1991 and 1996 but the household number increased at an average rate of 
1.43% per year. In comparison, the water consumption from 1994 to 1996 incurred an 
increase of almost 20%. The calculation yielded a result of 112.37kl per person and 343.62kl 
per household. 
Rainfall 
Analysis revealed that there is a poor linear relationship between daily rainfall and daily water 
consumption. The “dynamic” effect of the occurrence of rainfall on urban water demand also 
showed that each time rainfall occurred, water use is reduced immediately, and then it 
gradually resumed its regular pattern.  
Examination of the “state-dependent” effect of rainfall on daily water use over the period 
1991 – 2000 showed that the occurrence of rainfall causes a reduction in seasonal water use 
and the higher the seasonal water use prior to the rainfall event, the more reduction can be 
observed. The water use reductions due to rainfall occurrence are approximately proportional 
to their previous day’s seasonal water use level, and the proportionality increases as the 
rainfall increases. 
Temperature 
The highest average daily maximum temperature over the 10-year period of 27.03°C was 
observed in February while the lowest of 14.24°C was in July.  The analysis of the effect of 
temperature on urban water demand showed that in the absence of rainfall, maximum daily 
temperature is the dominant variable governing urban daily water use, having a coefficient of 
determination, R2 of 58%. The assessment of the effect of a significant increase in 
temperature and hot consecutive days on urban water consumption during rainless days 
reveals that an increase in temperature of 3° to 16° results to increase in water demand up to 
a maximum of 4ML/D. 
 
 
 
Day of the Week 
Based on the analysis of the half-hourly data and daily data, it was revealed that residents 
use more water on weekends than on weekdays on all seasons of the year and during the 
period 1991-2001. 
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Daily Urban Residential Water Demand Model 
The daily total water use is calculated as the sum of the estimated daily base use and daily 
seasonal use of water.  
Base Use 
The base use model obtained implied that base-use is dependent on day of the week, 
temperature and rainfall and hence weather dependent. Base use is higher on weekends 
which could be attributed to most household members at home and doing water related 
tasks. Evaluation of the average effect of weather (rainfall and temperature) on the base 
demand over the nine years (3285 days) revealed that the average daily weather effect is 
0.77ML/D and the effect is higher on weekdays (15.1%) due to less base use than on 
weekends (14.1%). 
Rainfall and temperature are negatively correlated; the temperature drops due to the 
occurrence of rainfall. The base use equation also suggests that the average daily weather 
effect during rainless days is 1.6% higher than days with rainfall.  
Seasonal Use, Ws 
The seasonal daily use is estimated by subtracting the estimated base use from the 
observed daily water use. The seasonal use is composed of Potential Seasonal water use, 
weather component and the Short Memory Residual. The potential seasonal use is first 
analysed by identifying the Fourier coefficients of the seasonal cycle of daily water 
consumption.  
The weather component model estimated the effects of rainfall and temperature; the daily 
rainfall of less than or equal to 25mm; the number of days after rainfall; the API; the number 
of previous days with temperature over 30°C; the temperature lagged one day; and the 
temperature lagged for two days. 
The remaining seasonal use, which is called as the random or error or the persistence 
component (Zhou et al. 2000), is composed of only the lag days with P-values lower than 
0.05. 
Using the identified temperature and rainfall thresholds, the base use model implies that 
base water use is not affected by temperature changes at 15.3°C or below and at rainfall 
level of 4.8mm or higher.  
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Chapter 7. Summary, Conclusions and Recommendations 
7.1. Summary 
The Water Resources Strategy has been developed for Melbourne, which serve as the basis 
for the Victorian Government to set per capita consumption reduction targets of 15%, 25% 
and 30% by 2010, 2015 and 2020 respectively. The strategy is developed to ensure a 
continuation of a safe, reliable and cost effective water supply that is environmentally 
sustainable in the long term. This is in recognition that population growth and water 
consumption will eventually require additional supplies of water (Water Resources Strategy 
Committee for the Melbourne Area 2002). 
The city of Melbourne in Victoria, Australia is like other urban cities in the world, its growing 
population means increasing water demand. Melbourne is also already on its eight year of 
dry climatic conditions and is currently experiencing a drought that has forced water 
authorities to impose water restrictions after 20 years of unrestricted supply. The current 
drought, dwindling supplies and possible impact of climate change highlight the importance 
of making better use of this precious resource. 
One of the key findings of the National Land and Water Resources Audits Australian Water 
Resources Assessment 2000 is “Understanding Water Use” (Australian Water Association 
2001). It has been revealed that water use has increased in the last 15 years but there is a 
lack of detailed knowledge about the end use. The “end use” of water is a breakdown of the 
total household water usage in a single-family home such as toilets, showers, washing 
machines, taps, garden watering etc. Water use efficiency, recycling, trading and pricing are 
increasingly becoming priorities and provide opportunities for development. To support and 
foster this shift in development emphasis, improved information on water use is essential. 
Recognising the lack of understanding on end use of water and the need for improved 
demand forecasting models as well as the development and evaluation of conservation 
strategies, this research adopted a detailed investigation of water use known as end use 
analysis. It improved understanding on water use particularly at end use level and developed 
models to forecast urban residential water demand by using the available relevant data 
collected by YVW. 
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This research on end use measurement and analysis provided information to assist Water 
Authorities and the community to: 
• make informed decisions when they consider options to focus water conservation 
efforts.  
• serve as a tool for community education, to generate meaningful discussion on 
particular findings and to support with planning and policy development for adopting 
particular strategies relating to water demand management. The forecast demands 
will assist with accurate planning of infrastructure to service future growth. 
• quantify the amount of water used in the households that can be recycled and 
determine what component of end uses of water can be sourced from “other than 
drinking water”. These measurements can be used for third piping system designs 
and in determining appropriate rainwater tanks sizes. This will enable the 
development of strategic conservation programs and their effective implementation. 
• improve the understanding of where and how water is being used within the 
households which will increase awareness and educate all consumers, planners and 
water authorities on what component of end uses of water could be reduced and by 
how much.  
The objectives of this research were to: 
• Identify average daily urban water use patterns per household on an hourly basis for the 
total water use, total outdoor use, total indoor use and for the major components of 
indoor use (eg. toilets, showers, washing machines, etc). 
• Identify variations in water usage for each water-using appliance according to influencing 
factors such as seasons, temperature, rainfall and household size. 
• Develop models that would: 
• Explain household water use among major end uses of water. 
• Forecast daily urban residential water demand. 
End uses of water from a number of single-family homes in Greater Melbourne, Australia 
which included water demand data at 1-minute and 5-second intervals from logged 
households collected by YVW in Melbourne, Australia in 2001 and 2004 respectively were 
analysed. The results show how much water is being used for outdoor and indoor purposes 
in a residential home in Melbourne and compare the water usage before and after water 
restrictions as well as between winter and summer water usage.  
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End use models for toilet, shower, laundry, tap and cooler in the form of regression equations 
were developed from logging data and household survey during the February 2004 
monitoring. These end use models were validated using Aug 2004 and Feb 2001 monitoring 
data. Based on these end use models a Residential Indoor Water Use Estimation computer 
program (Java Applet) which is designed to run within a Java enabled Web-browser either 
on-line or off-line was developed. The program estimates the total indoor water use per 
household and its major component. A GIS-based Residential Indoor Water Use model is 
also developed which calculates the average daily indoor use for each suburbs in Greater 
Melbourne, Australia. 
A new daily time series model for East Doncaster, Melbourne, Australia was also evaluated. 
The daily urban residential water model is based on the postulate that total water use is 
made up of base use and seasonal use, where base use is characterised by the water use 
during winter months and seasonal use on seasonal, climatic and persistence components. 
Using the daily data collected by YVW for East Doncaster water supply distribution zone and 
the corresponding rainfall and temperature data from BOM from 1990-2000, the base values 
were calculated based on lowest months of water usage in a year and were correlated with 
the day of the week, temperature and rainfall. Results revealed these three factors to be 
statistically significant and therefore, base use to be climate dependent. The seasonal water 
use was modelled by a series of three equations. The separation of the random component 
from the climatic variable resulted in a better R2 of 86%. The model was validated using 
different set of data from 2000-2001 yielding a R2 of 88%. The “threshold” or “reference” 
temperature below which water use is independent of temperature and “threshold” or 
“reference” rainfall above which rainfall would no longer contribute to the reduction of daily 
residential water use were also identified as 15.3°C and 4.8mm respectively. 
7.2. Conclusions 
Based on the analysis of all the data in this study, the following conclusions have been 
drawn. The conclusions are presented in three subsections namely; End Use Data; Water 
Supply Distribution Data; and Hourly Use Pattern which is a combination of diurnal patterns 
from end use data and from water supply distribution data.  
7.2.1. End Use Data Analysis 
? The water restrictions result to a reduction in outdoor water use and not on indoor water 
use. 
? The great variation in water usage from one household to another household is due to 
household size, irrigation practices, and to ownership and type of water using appliances.  
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? There is per capita savings in total household water usage as household size increases 
due to clothes washing and dishwashing. 
? Higher average daily consumption of water for indoor purposes per household is due to 
household size and high water usage for clothes washers, and evaporative coolers. 
? A household has an average of 2 toilets and 2 shower heads. The toilets are either single 
flush or dual flush with cisterns’ capacities ranging from 6L to 12L for single flush and 
6/3L to 9/4.5L and 11/6L for dual flush. Majority of the households own dual flush toilets 
which are mostly 9/4.5L.   
? Showers and baths are the largest component of indoor water use per household and per 
capita followed by clothes washing and “others” with toilet flushing the last. Shower 
duration is not affected by water restriction and season. However, people shower less in 
winter than in summer (5.2  vs 6 times per week) but used their bath more often in winter 
than in summer (5 times against 4 times). Households with household size of 4 and over 
and mostly adults used more water for shower since they go to work. 
? Majority of the households who used their baths have children under 12 years old.  
? Households wash their clothes less frequently in winter than in summer. The great 
variation in average volume per wash load is due to the variety of clothes washers in 
service, which includes top loading machines and front loading washers with different 
number of wash settings available on modern clothes washers.  
? The great variation in water used for garden watering and its duration is due to the size of 
the garden being watered, the main type of garden watering method and the frequency of 
watering. Households that used hose and manual sprinklers consumed the highest 
amount of water per garden watering due to its long duration even though they only water 
the garden less than twice per week compared with households using automatic 
sprinklers. 
? The end use water model developed shows that: 
o The total indoor water use has a very strong correlation with household size and it 
increases as household size increases, but use per person decreases. The 
impact depends on the age group of the additional person. 
o The type of clothes washer is a major explanatory variable in daily water use for 
laundry since top loaders used twice as much water than front loaders.  
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o The daily average water use for air conditioners in individual households showed 
a good correlation against temperature higher than 20°C; weekends and 
weekdays; and duration. 
Conservation Effectiveness of Efficient Water Using Appliances 
? Possible water savings of up to 76kL/HH/year can be achieved through conversion into 
dual flush toilets (3 to 5kL/HH/year), to  “AAA” shower heads (30 to 45kL/HH/year) and 
using front loaders in clothes washing (up to 37kL/HH/year) in a single-family detached 
home.  
? This would be further increased if the AAA users could reduce the duration of their 
showers to the level of the non-AAA homes.  
? Effective leak detection and repair programs could also significantly reduce domestic 
consumption by nearly 9kL per person per year. 
7.2.2. Water Supply Distribution Zone Data Analysis 
? Water demand levels are higher on weekends since most people are in their houses 
doing water related tasks they could not possibly do during weekdays.  
? The month of June and winter season has the lowest average in water usage and 
standard deviation since water usage is mostly composed of indoor water use which has 
a minimal day to day variation.  
? The months of January and February; and summer season have the maximum average 
water usage and standard deviations due to outdoor and seasonal water usage which is 
composed of garden watering and the use of air conditioning systems that are highly 
influenced by rainfall and temperature.  
? A rainfall of 30mm or more causes a drop in urban water demand levels while below 
30mm brings a sudden increase. 
? The daily urban residential water demand model developed highlights the following: 
o The following three postulates established in previous studies were confirmed: (1) 
Urban water use can be divided into base use and seasonal use, where the base 
use is characterised by the water use during winter months; (2) The occurrence of 
a rainfall causes a temporary reduction in seasonal water use that diminishes 
over time and eventually becomes negligible; (3) The variation in seasonal water 
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use, in the absence of rainfall, follows a pattern that is dependent on air 
temperature. 
o Base-use is dependent on day of the week, temperature and rainfall and hence 
weather dependent.  
o Rainfall and temperature are negatively correlated; the temperature drops due to 
the occurrence of rainfall.  
o The reference or threshold levels of temperature and rainfall are 15.3°C and 
4.8mm respectively. 
7.2.3. Hourly Water Use Pattern 
? The hourly patterns for total water use followed a classic diurnal pattern with distinct 
typical characteristics: (1) In summer, highest usage occurred in the morning (5am to 
1pm) for summer driven by indoor use and a high usage in the evening (6pm to 11pm) 
due to outdoor use; (2) In winter, highest usage occurred in the evening (6pm to 11pm) 
and a high usage in the morning (5am to 1pm); (3) Moderate usage during the day (1pm 
to 6pm) for both summer and winter; (4) Lowest usage in the evening (11pm to 5am) for 
both summer and winter.  
? In summer, the outdoor morning peak was at 8am then declined gradually until 5pm 
when it rose dramatically at 9pm for the second but highest outdoor peak then declined 
sharply for the night. Indoor use rose steeply starting at 6am and peaked at 8am fuelled 
by shower, toilet and laundry use. The evening indoor peak began at 5pm; peaked at 
7pm and diminished after 11pm.  
? Shower use started at 4am and peaked at 8am. A lower secondary morning peak 
occurred at 11am then decreased sharply for the rest of the morning and early afternoon 
and reached an afternoon peak but lower than the first morning peak at 7pm and another 
secondary but lower afternoon peak at 10pm.  
? Clothes washer began at 6am and peaked at 9am, an hour after the toilet and shower 
peak then became fairly steady for the rest of the day, then down to almost nothing at 
10pm. 
? Toilet use increased steeply starting at 6am reached its morning peak at 8am, decreased 
slightly during the later morning and afternoon and increased again in the evening 
between 5pm to 10pm. 
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? In winter, indoor use morning peak occurred at 9am an hour later than during summer, 
but the evening peak was observed at 7pm two hours earlier. Shower use and clothes 
washer peak at 9am and 10am respectively. Dishwashers are not in use from 2am to 
9am and 4pm to 6pm. Other indoor uses also follow the pattern of toilet uses. 
? Leakage occurred throughout the day at a constant rate. 
? On weekends, the morning peaks occurred earlier and at higher demand levels than 
weekdays. The evening peak on summer weekends occurred at the same time as that of 
the weekdays but of lower demand level. In winter, evening peak occurred one and a half 
earlier and has higher demand level on weekends.  
? The seven-day demand profile for winter and autumn has the lower average daily 
demand on Monday continuing through Thursday before reaching a maximum peak on 
Friday and then gradually declined on Saturday to Sunday. In spring, the peak was 
attained on Saturday before declining on Sunday. In summer, Friday has the lowest 
average daily demand and the maximum was attained on both Saturday and Sunday. 
7.3. Recommendations 
The analysis of the end use data and the water supply distribution zone data for East 
Doncaster as well as the modelling process undertaken reveals some important areas for 
further research: 
• Additional research should be undertaken to check or improve the regression equations 
of the end uses of water. Specifically; 
o Extend the end use data logging periods.  All the three logging periods in this 
study had a maximum duration of two weeks each. A longer data logging period 
would generate more knowledge about the variability of end usage which will lead 
to the discovery of additional usage that may not be present in the two-week 
logging period because of unique circumstances. 
o Increase the number of logging periods. The three logging periods in this study 
are conducted in only two seasons; summer and winter. As revealed in the end 
use analysis and in the zone level analysis, water use fluctuates seasonally. 
Thus, the two seasons considered in this study is insufficient to accurately model 
and predict total water use. Increasing the number of logging periods to include 
the low, moderate and high water using season would benefit the analysis of 
outdoor use and would improve the predictive ability of the end use models. 
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o Consider the use of field surveys. Field surveys are more costly than mail 
surveys; however, they have the ability to generate more precise and complete 
data. The home property characteristics and the presence and type of water using 
appliances in a household can be verified through field surveys. 
o A computer package that would estimate the average total household water use 
and for each major component of end uses of water should be developed. The 
computer model should incorporate possible water savings by converting or using 
water efficient appliances.    
• For the daily urban water demand at water supply distribution zone, the validity and 
generality of the proposed methodology should be tested by applying the model to 
different water supply distribution zone from other water authorities, other cities with 
different sizes and different weather conditions. 
• Daily water demand at different water supply distribution zones should be monitored, 
recorded and collected. Based on the experience of collecting daily demand data, it was 
found out that there is scarcity of daily demand data recorded over a period of years in 
water authorities in Greater Melbourne.     
• A computer package with high computational efficiency should be developed for the 
proposed daily urban water demand forecasting model. 
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Appendix B. Tables for End Use Data Analysis 
Table B-1. Average Daily Water Use per Households, 93HH-Feb 2004 
HH HH 
Size 
Total Indoor  Outdoor  Leakage Per 
capita 
Indoor 
Use/capita 
Outdoor 
Use/capita 
Leakag
e/capita 
1 1 273.36 212.22 20.44 40.70 273.36 212.22 20.44 40.70 
2 2 536.77 308.32 228.37 0.08 268.38 154.16 114.19 0.04 
3 3 646.43 458.19 187.82 0.41 215.48 152.73 62.61 0.14 
4 3 1844.25 1043.32 709.69 91.24 614.75 347.77 236.56 30.41 
5 2 69.69 65.02 1.98 2.68 34.84 32.51 0.99 1.34 
6 1 399.76 187.62 0.00 212.14 399.76 187.62 0.00 212.14 
7 2 331.71 328.93 0.00 2.78 165.85 164.46 0.00 1.39 
8 2 943.60 231.03 451.03 261.54 471.80 115.52 225.51 130.77 
9 2 415.28 152.93 249.88 12.47 207.64 76.47 124.94 6.24 
10 2 259.92 250.63 5.68 3.61 129.96 125.31 2.84 1.80 
11 1 262.71 242.05 17.76 2.89 262.71 242.05 17.76 2.89 
12 4 439.16 416.23 19.76 3.17 109.79 104.06 4.94 0.79 
13 5 1007.79 958.00 48.79 0.99 201.56 191.60 9.76 0.20 
14 4 606.96 602.57 0.00 4.39 151.74 150.64 0.00 1.10 
15 4 544.34 463.13 79.66 1.55 136.08 115.78 19.91 0.39 
16 3 556.49 483.80 69.69 3.00 185.50 161.27 23.23 1.00 
17 4 830.74 668.50 152.19 10.05 207.68 167.12 38.05 2.51 
18 4 815.88 454.34 285.68 75.86 203.97 113.59 71.42 18.96 
19 2 473.33 459.21 9.75 4.37 236.66 229.60 4.87 2.19 
20 1 368.80 218.05 10.33 140.42 368.80 218.05 10.33 140.42 
21 4 734.89 549.66 166.15 19.08 183.72 137.41 41.54 4.77 
22 2 708.34 372.29 335.67 0.37 354.17 186.15 167.84 0.19 
23 4 517.08 397.34 102.15 17.60 129.27 99.33 25.54 4.40 
24 4 1288.18 476.10 802.88 9.19 322.04 119.03 200.72 2.30 
25 4 1237.49 718.42 516.78 2.30 309.37 179.60 129.20 0.57 
26 4 856.08 674.12 11.51 170.45 214.02 168.53 2.88 42.61 
27 4 767.68 447.75 296.92 23.01 191.92 111.94 74.23 5.75 
28 3 332.37 308.98 8.86 14.53 110.79 102.99 2.95 4.84 
29 4 885.98 867.02 0.00 18.96 221.50 216.76 0.00 4.74 
30 2 181.35 178.68 0.00 2.67 90.68 89.34 0.00 1.33 
31 2 276.34 232.54 28.02 15.78 138.17 116.27 14.01 7.89 
32 1 214.97 213.96 0.00 1.01 214.97 213.96 0.00 1.01 
33 3 1093.27 725.39 225.68 142.19 364.42 241.80 75.23 47.40 
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34 4 987.53 497.05 483.38 7.11 246.88 124.26 120.84 1.78 
35 2 644.91 477.64 153.12 14.15 322.45 238.82 76.56 7.07 
36 6 1327.22 1209.10 98.69 19.42 221.20 201.52 16.45 3.24 
37 2 1586.11 470.59 1049.60 65.92 793.05 235.29 524.80 32.96 
38 2 300.95 272.57 17.70 10.68 150.48 136.28 8.85 5.34 
39 3 451.58 423.36 24.34 3.88 150.53 141.12 8.11 1.29 
40 5 1522.29 1231.23 286.27 4.79 304.46 246.25 57.25 0.96 
41 2 353.32 265.43 79.60 8.29 176.66 132.71 39.80 4.15 
42 1 701.70 345.10 354.61 1.99 701.70 345.10 354.61 1.99 
43 1 320.19 203.19 109.74 7.26 320.19 203.19 109.74 7.26 
44 5 755.86 622.51 126.30 7.05 151.17 124.50 25.26 1.41 
45 2 597.01 534.33 59.17 3.51 298.50 267.17 29.58 1.75 
46 3 739.66 634.26 81.61 23.80 246.55 211.42 27.20 7.93 
47 3 544.16 513.70 16.10 14.36 181.39 171.23 5.37 4.79 
48 5 581.16 499.69 63.79 17.68 116.23 99.94 12.76 3.54 
49 7 609.03 584.04 19.36 5.63 87.00 83.43 2.77 0.80 
50 5 978.27 877.74 98.97 1.55 195.65 175.55 19.79 0.31 
51 2 169.03 151.15 11.30 6.57 84.51 75.58 5.65 3.28 
52 3 660.59 630.62 16.20 13.78 220.20 210.21 5.40 4.59 
53 4 1186.76 455.96 703.55 27.25 296.69 113.99 175.89 6.81 
54 5 1564.46 1423.78 139.11 1.57 312.89 284.76 27.82 0.31 
55 3 1107.75 849.77 148.71 109.26 369.25 283.26 49.57 36.42 
56 4 1156.80 693.19 442.78 20.83 289.20 173.30 110.70 5.21 
57 5 609.28 569.51 18.97 20.80 121.86 113.90 3.79 4.16 
58 7 1105.27 1080.04 13.03 12.20 157.90 154.29 1.86 1.74 
59 2 571.82 175.32 385.20 11.30 285.91 87.66 192.60 5.65 
60 4 1518.64 643.15 857.43 18.06 379.66 160.79 214.36 4.52 
61 2 323.14 291.24 28.89 3.01 161.57 145.62 14.44 1.51 
62 1 574.62 129.96 421.66 23.00 574.62 129.96 421.66 23.00 
63 4 763.48 584.36 138.91 40.22 190.87 146.09 34.73 10.05 
64 3 300.26 284.36 7.16 8.73 100.09 94.79 2.39 2.91 
65 4 750.65 581.27 164.60 4.78 187.66 145.32 41.15 1.19 
66 5 767.04 685.68 42.44 38.93 153.41 137.14 8.49 7.79 
67 2 325.58 306.81 18.66 0.11 162.79 153.41 9.33 0.05 
68 2 559.69 317.62 238.51 3.56 279.84 158.81 119.26 1.78 
69 4 1665.20 588.90 367.21 709.09 416.30 147.22 91.80 177.27 
70 2 1326.51 375.58 927.29 23.64 663.26 187.79 463.65 11.82 
71 4 821.35 377.79 436.11 7.45 205.34 94.45 109.03 1.86 
72 5 795.44 768.62 20.17 6.65 159.09 153.72 4.03 1.33 
73 3 339.18 240.88 96.85 1.45 113.06 80.29 32.28 0.48 
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74 3 664.30 476.70 176.53 11.07 221.43 158.90 58.84 3.69 
75 5 926.92 698.19 226.28 2.45 185.38 139.64 45.26 0.49 
76 5 721.60 668.55 35.99 17.05 144.32 133.71 7.20 3.41 
77 3 1622.14 830.53 384.92 406.70 540.71 276.84 128.31 135.57 
78 3 760.33 541.94 216.55 1.84 253.44 180.65 72.18 0.61 
79 4 331.03 325.28 0.00 5.75 82.76 81.32 0.00 1.44 
80 5 1095.57 887.78 193.72 14.08 219.11 177.56 38.74 2.82 
81 4 281.01 275.78 3.62 1.61 70.25 68.94 0.91 0.40 
82 4 1254.83 731.45 505.93 17.45 313.71 182.86 126.48 4.36 
83 2 1063.73 358.89 700.63 4.20 531.86 179.45 350.32 2.10 
84 2 613.76 466.21 139.78 7.77 306.88 233.11 69.89 3.89 
85 4 483.09 448.21 30.80 4.08 120.77 112.05 7.70 1.02 
86 6 1079.28 777.21 148.39 153.68 179.88 129.53 24.73 25.61 
87 3 1850.40 567.25 1281.03 2.12 616.80 189.08 427.01 0.71 
88 4 365.06 266.35 74.21 24.50 91.27 66.59 18.55 6.13 
89 1 1278.11 848.76 408.48 20.86 1278.11 848.76 408.48 20.86 
90 5 429.10 328.44 95.63 5.03 85.82 65.69 19.13 1.01 
91 5 2297.64 699.56 1594.87 3.21 459.53 139.91 318.97 0.64 
92 4 544.22 462.24 79.45 2.53 136.06 115.56 19.86 0.63 
93 1 130.55 130.12 0.36 0.08 130.55 130.12 0.36 0.08 
          
AVE 3.27 757.82 505.62 216.21 35.99 260.32 165.87 80.05 14.40 
MED 3.00 660.59 466.21 98.97 8.29 207.68 152.73 27.20 2.89 
SDEV 1.43 445.56 266.33 295.65 93.21 184.10 93.64 117.90 36.79 
MIN 1.00 69.69 65.02 0.00 0.08 34.84 32.51 0.00 0.04 
MAX 7.00 2297.64 1423.78 1594.87 709.09 1278.11 848.76 524.80 212.14 
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Table B-2. Comparisons of Daily per Capita Water Use, 24HH-Feb 2001 
9 Feb – 28 Feb 2001 HH ID HH 
Size 
Mean Daily per Capita 
Use 
Median Daily per Capita 
Use 
Standard Deviation of per Capita 
Use 
1 4    457.44   227.94   547.83 
2 3   153.76   145.33     64.61 
3 2   268.49   172.00   202.35 
4 5   213.62   163.40   133.66 
5 2   369.06   210.62   268.58 
6 4   161.05   149.38     98.18 
7 1   842.60   608.00   736.29 
8 1   286.44   179.00   351.09 
9 4   194.65   139.69   152.15 
10 4   246.67   167.12   260.96 
11 2     99.56     65.38   107.21 
12 2   234.48     94.62   313.78 
13 3     99.79     97.67     50.34 
14 2 486.11 181.62   561.56 
15 4 460.16 376.56   189.34 
16 4 390.67 255.50   300.21 
17 4   295.38 202.25   288.07 
18 2 1042.75 639.25 1026.21 
19 5 214.73 143.30   189.42 
20 4 427.18 169.75   421.97 
21 4 221.94 204.06     90.71 
22 3 1732.40 2328.17 1113.56 
23 5 472.30 412.30 205.22 
24 4 178.24 158.62     88.01 
     
Range 4 1632.84 2262.79 1063.21 
24 HH 3.25 397.89  277.47 360.43 
23 HH  339.86  268.49 226.59 
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Indoor  HH ID 
mean median Std Dev 
1 73100 641.70 670.50 185.58 
2 265736 382.31 354.50 177.27 
3 248779 378.29 322.00 266.56 
4 722718 433.50 402.00 131.56 
5 623770 378.88 318.00 174.60 
6 656922 606.45 553.50 374.95 
7 214491 254.58 186.25 155.08 
8 304841 274.08 179.00 343.36 
9 352817 371.22 291.25 267.15 
10 178637 615.43 593.50 204.21 
11 33101 121.02 116.50 48.63 
12 17839 146.60 127.25   88.56 
13 121024 248.42 233.50 119.92 
14 276529 248.42 158.50 153.90 
15 181961 547.00 424.75 478.79 
16 694689 949.55 752.75 437.84 
17 516083 684.35 594.00 282.91 
18 112136 234.38 201.25 178.30 
19 699447 728.75 662.00 296.72 
20 503214 577.10 537.50 284.05 
21 143511 412.88 355.00 171.07 
22 6364 543.85 435.50 358.45 
23 169852 1283.08 1125.50 339.51 
24 748439 548.05 445.00 303.56 
     
24 Houses  483.74 423.19 263.86 
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Table B-4. Comparison of Daily per Capita Indoor Water Use, 24HH-Feb 2001 
Household ID Household 
Size 
Mean Daily per 
Capita Indoor Use 
Median Daily per 
Capita Indoor Use 
Standard Deviation 
of per Capita Indoor 
Use 
1 4 167.59 168.12 34.72 
2 3 116.67 105.00 40.91 
3 2 192.89 161.00 110.21 
4 5 79.60 76.20 20.38 
5 2 169.71 138.75 86.83 
6 4 140.02 149.38 42.53 
7 1 291.29 153.00 214.42 
8 1 132.17 107.75 127.04 
9 4 91.11 72.38 65.61 
10 4 179.64 143.38 80.19 
11 2 64.29 45.25 33.20 
12 2 69.18 46.00 42.43 
13 3 73.45 75.00 33.24 
14 2 136.18 80.00 95.83 
15 4 106.80 97.38 34.12 
16 4 223.73 167.38 141.03 
17 4 169.14 132.50 86.15 
18 2 112.21 105.75 74.17 
19 5 124.84 116.40 31.91 
20 4 132.38 153.25 47.66 
22 4 103.91 91.12 47.06 
23 3 226.62 169.33 174.33 
24 3 398.24 356.83 119.35 
25 4 142.41 113.62 88.08 
24 HH 3.17 151.82 126.03 77.98 
Range 4 333.95 311.58 194.08 
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Household ID Household 
Size 
Mean Daily per Capita 
Indoor Use 
Median Daily per Capita 
Indoor Use 
Standard Deviation of 
per Capita Indoor Use 
1 4 160.42 167.62 46.40 
2 3 127.44 118.17 59.09 
3 2 189.14 161.00 133.28 
4 5 86.70 80.40 26.31 
5 2 189.44 159.00 87.30 
6 4 151.61 138.38 43.74 
7 1 254.58 186.25 155.08 
8 1 274.08 179.00 343.36 
9 4 92.81 72.81 66.79 
10 4 153.86 148.38 51.05 
11 2 60.51 58.25 24.32 
12 2 73.30 63.62 44.28 
13 3 82.81 77.83 39.97 
14 2 124.21 79.25 76.95 
15 4 136.75 106.19 119.70 
16 4 237.39 188.19 109.46 
17 4 171.09 148.50 70.73 
18 2 117.19 100.62 89.15 
19 5 145.75 132.40 59.34 
20 4 144.27 134.38 71.01 
21 4 103.22 88.75 42.77 
22 3 181.28 145.17 119.48 
23 5 256.62 225.10 67.90 
24 4 137.01 111.25 75.89 
24 HH 3.25 152.14 145.01 59.12 
Range 4 213.57 166.85 319.05 
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Table B-6. Components of Daily Indoor Water Use by Household, 24HH-Feb 2001 
 HH ID Total Indoor Toilet Showers Washing Machines Others 
1 73100 642.57 50.14 290.21 183.29 118.93 
2 265736 348.50 59.64 112.50 19.50 156.86 
3 248779 385.79 32.07 128.14 137.43 88.14 
4 722718 363.21 64.36 108.21 50.50 140.14 
5 623770 339.43 61.71 151.29 70.79 55.64 
6 656922 560.07 38.43 295.71 153.64 72.29 
7 214491 291.29 33.64 114.86 78.93 63.86 
8 304841 156.80 13.10 69.90 47.00 26.80 
9 352817 364.36 24.07 228.64 48.21 63.43 
10 178637 683.93 90.64 340.21 90.07 163.00 
11 33101 128.57 20.00 49.00 33.86 25.71 
12 17839 138.36 37.57 28.29 35.14 37.36 
13 121024 220.36 34.50 89.64 15.93 80.29 
14 276529 272.36 39.86 78.64 71.79 82.07 
15 181961 427.21 50.29 180.07 21.93 174.93 
16 694689 894.93 61.14 310.43 236.79 286.57 
17 516083 676.57 53.86 285.43 208.50 128.79 
18 112136 224.43 21.43 94.00 41.00 68.00 
19 699447 625.07 68.21 300.71 96.36 159.79 
20 503214 518.50 38.00 200.50 131.21 148.79 
21 143511 415.64 68.57 142.57 50.29 154.21 
22 6364 669.36 70.00 272.21 124.36 202.79 
23 169852 1194.71 60.00 702.07 141.36 291.29 
24 748439 504.00 112.00 229.07 73.21 89.71 
Average 460.25 50.14 200.10 90.04 119.97 
% to Total  10.89 43.48 19.56 26.07 
Median 400.71 50.21 165.68 72.5 104.32 
Std Dev 253.81 23.18 142.56 61.73 71.95 
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 HH ID HH Size Total Indoor Toilet Showers Washing Machines Others 
1 73100 4 160.64 12.54 72.55 45.82 29.73 
2 265736 3 116.17 19.88 37.50 6.50 52.29 
3 248779 2 192.89 16.04 64.07 68.71 44.07 
4 722718 5 72.64 12.87 21.64 10.10 28.03 
5 623770 2 169.71 30.86 75.64 35.39 27.82 
6 656922 4 140.02 9.61 73.93 38.41 18.07 
7 214491 1 291.29 33.64 114.86 78.93 63.86 
8 304841 1 156.80 13.10 69.90 47.00 26.80 
9 352817 4 91.09 6.02 57.16 12.05 15.86 
10 178637 4 170.98 22.66 85.05 22.52 40.75 
11 33101 2 64.29 10.00 24.50 16.93 12.86 
12 17839 2 69.18 18.79 14.14 17.57 18.68 
13 121024 3 73.45 11.50 29.88 5.31 26.76 
14 276529 2 136.18 19.93 39.32 35.89 41.04 
15 181961 4 106.80 12.57 45.02 5.48 43.73 
16 694689 4 223.73 15.29 77.61 59.20 71.64 
17 516083 4 169.14 13.46 71.36 52.12 32.20 
18 112136 2 112.21 10.71 47.00 20.50 34.00 
19 699447 5 125.01 13.64 60.14 19.27 31.96 
20 503214 4 129.62 9.50 50.12 32.80 37.20 
21 143511 4 103.91 17.14 35.64 12.57 38.55 
22 6364 3 223.12 23.33 90.74 41.45 67.60 
23 169852 5 238.94 12.00 140.41 28.27 58.26 
24 748439 4 126.00 28.00 57.27 18.30 22.43 
Average  144.33 16.38 60.64 30.46 36.84 
Median  132.90 13.55 58.70 25.40 33.10 
Std Dev  58.51 7.06 29.46 20.38 16.27 
% to Total   11.35 42.02 21.11 25.53 
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Table B-8. Fixture Utilisation per Capita per Day, Average and Standard Deviation, 24HH-Feb 
2001 
HH 
 ID 
Toilets Flushes per Capita per Day Showers & Baths 
per Capita per 
Day 
Washing Machines Loads 
per Capita per Day 
 Full Flush Half Flush Single Flush   
 Mean SDev Mean SDev Mean SDev Mean SDev Mean SDev 
1 1.54 0.65 0.86 0.38   1.04 0.27 0.25 0.20 
2 2.24 0.50 1.52 0.72   1.19 0.18 0.14 0.26 
3 1.14 0.90 2.14 0.85   0.43 0.61 0.86 0.38 
4 1.14 0.60 2.03 0.51   0.40 0.12 0.14 0.10 
5     4.07 1.02 1.43 0.53 0.21 0.57 
6     2.43 1.11 1.04 0.27 0.29 0.22 
7 2.00 1.73 7.42 2.30   1.43 0.79 1.71 1.25 
8 2.14 0.90 1.00 0.82   1.71 0.49 0.57 0.79 
9 0.54 0.49 0.96 0.39   0.71 0.30 0.11 0.28 
10 1.39 0.32 2.32 0.91   0.86 0.13 0.18 0.19 
11 0.50 0.29 2.43 0.98   0.86 0.24 0.14 0.24 
12 2.00 0.58 2.36 1.93   0.64 0.56 0.14 0.24 
13 1.67 0.19 0.52 0.50   0.48 0.26 0.19 0.26 
14 1.64 1.41 1.14 0.69   1.00 0.41 0.21 0.39 
15 1.11 0.61 1.96 0.71   0.54 0.22 0.04 0.09 
16 0.75 0.32 3.61 0.78   1.18 0.40 0.39 0.20 
17 0.89 0.54 2.71 1.31   1.18 0.28 0.29 0.47 
18     1.79 1.04 0.57 0.34 0.14 0.24 
19 2.03 0.39 0.51 0.23   1.03 0.34 0.11 0.11 
20 0.33 0.34 2.61 1.08   0.86 0.20 0.29 0.27 
22     2.86 0.69 0.61 0.24 0.07 0.19 
23     2.57 0.76 1.05 0.30 0.21 0.27 
24     3.33 1.05 1.52 0.47 0.26 0.38 
25 2.93 0.64 0.57 0.34   1.07 0.24 0.18 0.16 
24 HH 1.79 2.04 0.71 0.86   0.97 0.33 0.24 0.33 
 
 
Table B-9. Toilet Ownership and Flushes per Household, 24HH-Feb 2001 
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No. of Toilet per Type Total Toilet Flushes ID HH 
Size Single F Dual F Total Single F Full F Half F Total 
1 4 1 1 2  43 24 67 
2 3 1 2 3  47 32 79 
3 2  2 2  16 30 46 
4 5  2 2  40 71 111 
5 2 1  1 57   57 
6 4 1  1 68   68 
7 1  1 1  14 52 66 
8 1 2  2  15 7 22 
9 4  3 3  15 27 42 
10 4 1 3 4  39 65 104 
11 2  1 1  7 34 41 
12 2  1 1  28 33 61 
13 3  1 1  35 11 46 
14 2  2 2  23 16 39 
15 4 1 1 2  31 55 86 
16 4  3 3  21 101 122 
17 4  3 3  25 76 101 
18 2 1  1 25   25 
19 5  3 3  71 18 89 
20 4  3 3  8 73 81 
21 4 2  2 80   80 
22 3 3  3 54   54 
23 5 2  2 70   70 
24 4 1 1 2  82 16 98 
Total 78 14 36 50 286 560 809 1655 
Average/HH 3.25 1.40 1.89 2.08 57.20 31.11 42.58 68.96 
Average/Person/Day 2.66 1.44 2.06 3.26 
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Table B-10. Number of Toilet Flushes per Capita per Day and per Household per Day, 24HH-Feb 2001 
Full Flush 
Toilet 
Half Flush 
Toilet 
Single 
Flush Toilet 
Total (fpcd) Full Flush 
Toilet 
Half Flush 
Toilet 
Single 
Flush Toilet 
Total ID HH 
Size 
Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD 
1 4 1.54 0.65 0.86 0.38   2.39 0.61 6.14 2.61 3.43 1.51   9.57 2.44 
2 3 2.24 0.50 1.52 0.72   3.76 0.81 6.71 1.50 4.57 2.15   11.3 2.43 
3 2 1.14 0.90 2.14 0.85   3.29 0.76 2.29 1.80 4.29 1.70   6.57 1.51 
4 5 1.14 0.60 2.03 0.51   3.17 0.84 5.71 2.98 10.1 2.54   15.9 4.22 
5 2     4.07 1.02 4.07 1.02     8.14 2.04 8.14 2.04 
6 4   2.43 1.11   2.43 1.11   9.71 4.42   9.71 4.42 
7 1 2.00 1.73 7.43 2.30   9.43 2.99 2.00 1.73 7.43 2.30   9.43 2.99 
8 1 2.14 0.90 1.00 0.82   3.14 1.46 2.14 0.90 1.00 0.82   3.14 1.46 
9 4 0.54 0.49 0.96 0.39   1.50 0.80 2.14 1.95 3.86 1.57   6.00 3.21 
10 4 1.39 0.32 2.32 0.91   3.71 1.15 5.57 1.27 9.29 3.64   14.9 4.60 
11 2 0.50 0.29 2.43 0.98   2.93 0.98 1.00 0.58 4.86 1.95   5.86 1.95 
12 2 2.00 0.58 2.36 1.93   4.36 2.08 4.00 1.15 4.71 3.86   8.71 4.15 
13 3 1.67 0.19 0.52 0.50   2.19 0.50 5.00 0.58 1.57 1.51   6.57 1.51 
14 2 1.64 1.41 1.14 0.69   2.79 1.70 3.29 2.81 2.29 1.38   5.57 3.41 
15 4 1.11 0.61 1.96 0.71   3.07 1.12 4.43 2.44 7.86 2.85   12.3 4.50 
16 4 0.75 0.32 3.61 0.78   4.36 0.98 3.00 1.29 14.4 3.10   17.4 3.91 
17 4 0.89 0.54 2.71 1.31   3.61 1.43 3.57 2.15 10.9 5.24   14.4 5.71 
18 2     1.79 1.04 1.79 1.04     3.57 2.07 3.57 2.07 
19 5 2.03 0.39 0.51 0.23   2.54 0.56 10.1 1.95 2.57 1.13   12.7 2.81 
20 4 0.29 0.34 2.61 1.08   2.89 1.11 1.14 1.35 10.4 4.31   11.6 4.43 
21 4     2.86 0.69 2.86 0.69     11.4 2.76 11.4 2.76 
22 3     2.57 0.76 2.57 0.76     7.71 2.29 7.71 2.29 
23 5     2.00 0.63 2.00 0.63     10.0 3.16 10.0 3.16 
24 4 2.93 0.64 0.57 0.35   3.50 0.54 11.7 2.56 2.29 1.38   14.0 2.16 
Sum  25.9 11.4 39.1 16.5 13.3 4.14 78.4 25.7 80.0 31.6 116 47.4 40.9 12.3 236. 74.2 
Ave 3.25 1.44 1.20 2.06 0.87 2.66 0.83 3.26 1.07 4.44 3.33 6.08 2.49 8.17 2.46 9.85 3.09 
SD (24HH) 0.71  1.57  0.90  1.52  2.92  3.83  2.97  3.86  
 
 
 
 
 
Table B-11. Toilet Flush Volume, per Capita Use and Utilisation, 24HH-Feb 2001 
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HH 
ID 
HH 
Size 
Toilet Flush Volume 
(Lpf) 
Daily per capita toilet use 
(Lpcd) 
Toilet Flushes per capita/day 
(fpcd) 
  Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
  SF FF HF SF FF HF SF FF HF SF FF HF SF FF HF SF FF HF 
1 4  6.4 3.0  0.3 0  10 2.6  4.3 1.1  1.5 0.9  0.6 0.4 
2 3  6.9 3.0  0.5 0  15 4.6  3.7 2.2  2.2 1.5  0.5 0.7 
3 2  6.0 4.2  0.1 0.6  6.8 9.2  5.4 4.0  1.1 2.1  0.9 0.8 
4 5  6.0 3.0  0.1 0.0  6.8 6.1  3.5 1.5  1.1 2.0  0.6 0.5 
5 2 7.6   0.
4 
  31   8.4   4.1   1.0   
6 4 3.9   0.
4 
  9.6   5.2   2.4   1.1   
7 1  5.0 3.0  2.2 0.0  11 22  9.4 6.7  2.0 7.4  1.7 2.3 
8 1  5.4 2.1  0.9 1.5  12 3.0  6.2 2.4  2.1 1.0  0.9 0.8 
9 4  4.3 2.9  2.9 0.3  3.2 2.8  2.9 1.2  0.5 1.0  0.5 0.4 
10 4  8.8 4.5  0.3 0.0  12 10  2.6 4.1  1.4 2.3  0.3 0.9 
11 2  5.1 2.9  2.3 0.1  3.0 7.0  1.7 2.8  0.5 2.4  0.3 1.0 
12 2  5.9 2.9  0.1 0.1  12 6.9  3.6 5.8  2.0 2.4  0.6 1.9 
13 3  6.0 2.1  0.1 1.5  9.9 1.6  1.1 1.5  1.7 0.5  0.2 0.5 
14 2  9.0 4.5  0 0  15 5.1  13 3.1  1.6 1.1  1.4 0.7 
15 4  6.0 3.0  0.3 0.1  6.7 5.9  3.9 2.1  1.1 2.0  0.6 0.7 
16 4  6.0 3.0  0 0.0  4.5 11  1.9 2.3  0.8 3.6  0.3 0.8 
17 4  6.0 3.0  0.1 0  5.3 8.1  3.2 3.9  0.9 2.7  0.5 1.3 
18 2 6.0   0   11   6.2   1.8   1.0   
19 5  6.0 3.0  0.1 0  12 1.5  2.3 0.7  2.0 0.5  0.4 0.2 
20 4  4.1 3.0  2.8 0  1.7 7.8  2.0 3.2  0.3 2.6  0.3 1.1 
22 4 6.0   0   17   4.1   2.9   0.7   
23 3 9.1   0.
2 
  23   7.1   2.6   0.8   
24 3 6.0   0   20   6.3   3.3   1.1   
25 4  8.7 3.8  0.2 1.7  25 2.5  6.1 1.6  2.9 0.6  0.6 0.3 
24 
HH 
3.2 6.4 6.2 2.6 0.
2 
1.3 0.3 19 9.2 7.1 6.2 8.0 2.9  1.8 0.7  2.0 0.9 
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Table B-12. Toilet Flush Volume, 24HH-Feb 2001 
Toilet Flush Volume (Lpf) 
Full Flush Toilet Half Flush Toilet Single Flush Toilet Total 
ID HH Size 
Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev 
1 4 6.44 0.33 3 0   5.16 0.80 
2 3 6.85 0.51 3 0   5.32 0.60 
3 2 5.96 0.09 4.21 0.55   4.84 0.38 
4 5 5.97 0.05 2.99 0.03   4.00 0.47 
5 2     7.56 0.40 7.56 0.40 
6 4   3.87 0.40   3.87 0.40 
7 1 5.02 2.23 2.99 0.02   3.52 0.35 
8 1 5.39 0.93 2.14 1.46   4.65 0.69 
9 4 4.29 2.93 2.90 0.26   3.81 0.63 
10 4 8.77 0.33 4.49 0.01   6.16 0.42 
11 2 5.14 2.27 2.89 0.13   3.43 0.48 
12 2 5.90 0.13 2.91 0.14   4.48 0.63 
13 3 5.96 0.08 2.14 1.46   5.34 0.51 
14 2 9 0 4.5 0   7.01 0.81 
15 4 6.01 0.26 2.98 0.07   4.05 0.46 
16 4 6 0 2.99 0.02   3.50 0.18 
17 4 5.97 0.08 3 0   3.75 0.47 
18 2     6 0 6 0 
19 5 5.97 0.08 3 0   5.39 0.19 
20 4 4.14 2.85 3 0   3.29 0.27 
21 4     6 0 6 0 
22 3     9.06 0.15 9.06 0.15 
23 5     6 0 6 0 
24 4 8.66 0.25 3.77 1.67   7.97 0.53 
Average 3.25 6.19 0.74 3.19 0.33 6.92 0.11 5.17 0.41 
Std Dev ( 24 HH) 1.38  0.67  1.37  1.56  
Min  4.14 0 2.14 0 6.00 0 3.29 0 
Max  9 2.93 4.5 1.67 9.06 0.40 9.06 0.81 
 
Table B-13. Average Toilet Usage, per Capita and per Household, 24HH-Feb 2001 
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Full Flush 
Toilet 
Half Flush 
Toilet 
Single Flush 
Toilet 
Total Full Flush 
Toilet 
Half Flush 
Toilet 
Single Flush 
Toilet 
Total ID HH 
Size 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
Mean Std 
Dev 
1 4 9.96 4.29 2.57 1.13   12.5 4.04 39.9 17.2 10.3 4.54   50.1 16.2 
2 3 15.3 3.67 4.57 2.15   19.9 3.98 45.9 11.0 13.7 6.45   59.6 11.9 
3 2 6.82 5.41 9.21 4.03   16.0 4.49 13.6 10.8 18.4 8.06   32.1 8.97 
4 5 6.81 3.54 6.06 1.52   12.9 4.14 34.1 17.7 30.3 7.59   64.4 20.7 
5 2     30.9 8.36 30.9 8.36     61.7 16.7 61.7 16.7 
6 4   9.61 5.15   9.61 5.15   38.4 20.6   38.4 20.6 
7 1 11.4 9.36 22.2 6.73   33.6 12.1 11.4 9.36 22.2 6.73   33.6 12.1 
8 1 12.1 6.21 3.00 2.45   15.1 7.78 12.1 6.21 3.00 2.45   15.1 7.78 
9 4 3.21 2.93 2.80 1.16   6.02 3.75 12.9 11.7 11.2 4.65   24.1 15.0 
10 4 12.2 2.56 10.4 4.07   22.6 6.07 48.6 10.2 41.7 16.3   90.4 24.3 
11 2 3.00 1.73 7.00 2.75   10.0 3.13 6.00 3.46 14.0 5.49   20.0 6.26 
12 2 11.9 3.61 6.93 5.79   18.8 7.23 23.7 7.22 13.9 11.6   37.6 14.5 
13 3 9.93 1.11 1.57 1.51   11.5 1.73 29.8 3.34 4.71 4.54   34.5 5.20 
14 2 14.8 12.6 5.14 3.11   19.9 13.7 29.6 25.3 10.3 6.21   39.9 27.4 
15 4 6.71 3.92 5.86 2.13   12.6 5.28 26.9 15.7 23.4 8.52   50.3 21.1 
16 4 4.50 1.94 10.8 2.33   15.3 3.71 18.0 7.75 43.1 9.33   61.1 14.8 
17 4 5.32 3.20 8.14 3.93   13.5 5.14 21.3 12.8 32.6 15.7   53.9 20.6 
18 2     10.7 6.21 10.7 6.21     21.4 12.4 21.4 12.4 
19 5 12.1 2.27 1.54 0.68   13.6 2.72 60.5 11.4 7.71 3.40   68.2 13.6 
20 4 1.68 2.02 7.82 3.24   9.50 3.72 6.71 8.10 31.3 12.9   38.0 14.9 
22 4     17.1 4.14 17.1 4.14     68.6 16.6 68.6 16.6 
23 3     23.3 7.10 23.3 7.10     70.0 21.3 70.0 21.3 
24 5     12.0 3.79 12.0 3.79     60.0 18.9 60.0 18.9 
25 4 25.5 6.07 2.52 1.54   28.0 5.42 102 24.3 10.1 6.15   112. 21.7 
Total 173. 76.5 128. 55.4 94.0 29.6 395. 133 543 214 380 161 282 86 1205.
00 
383.5
7 
Ave 3.25 9.62 8.05 6.73 2.92 18.8 5.92 16.5 5.54 30.2 22.5 20.0 8.49 56.3 17.2 50.2 15.9 
Std Dev (24 
HH) 
5.71  4.80  8.37  7.03  23.6  12.7  19.9  23.0  
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Table B-14. Shower per Capita Use, Volume, Duration and Flow Rate, 24HH-Feb 2001 
HH ID Daily per capita (Lpcd) Volume (l/shower) Duration 
(min/shower) 
Flow rate (Lpm) 
 Mean Median Std. Dev. Mean Median Std. Dev. Mean Std. Dev Mean Std. Dev 
1 72.55 73.75 9.30 74.18 68.25 19.49 5.15 1.23 14.39 1.28 
2 37.50 36.33 8.66 31.56 31.00 5.47 3.36 0.49 9.44 1.28 
3 74.75 71.12 30.99 74.75 71.12 30.99 5.67 1.60 11.03 5.54 
4 21.64 20.70 7.38 54.90 51.75 15.88 4.62 1.37 11.89 0.94 
5 75.64 73.25 30.36 53.47 48.83 15.46 7.78 1.84 6.81 0.61 
6 70.95 71.75 18.26 73.33 71.62 28.95 5.92 1.33 12.21 3.25 
7 108.71 91.50 54.54 79.61 81.50 15.05 6.86 0.90 11.60 1.71 
8 92.36 109.00 48.16 58.36 61.50 32.44 4.86 2.17 11.15 3.91 
9 57.16 60.50 20.78 83.11 87.75 23.14 7.95 1.87 10.38 1.05 
10 73.77 69.38 13.32 86.92 87.17 13.91 5.90 0.86 14.75 1.64 
11 24.50 25.00 10.44 27.71 29.00 7.89 7.07 1.24 3.87 0.77 
12 19.80 19.25 5.95 24.65 25.50 9.49 5.87 1.71 2.95 2.06 
13 34.86 39.92 17.31 65.42 68.00 29.54 7.50 2.97 7.42 4.28 
14 39.32 47.25 16.00 40.17 38.50 11.54 7.60 1.80 5.33 1.12 
15 32.00 34.25 17.03 57.54 58.00 16.74 5.31 1.28 10.88 2.45 
16 77.61 64.75 42.24 63.87 62.80 13.63 4.13 0.59 15.37 1.36 
17 71.68 62.88 17.62 61.70 61.43 11.90 5.81 1.23 10.71 0.93 
18 54.83 56.62 17.98 86.88 85.88 31.77 10.08 3.23 7.32 3.44 
19 60.66 57.50 20.34 59.33 58.25 10.58 6.20 0.89 9.55 0.94 
20 50.12 50.62 7.69 60.34 66.50 13.22 5.63 1.11 10.70 1.08 
22 35.64 31.00 13.37 62.01 62.00 17.59 8.79 2.38 7.06 0.85 
23 62.19 66.17 23.17 58.04 64.83 15.94 5.98 0.88 9.58 2.05 
24 234.02 236.33 63.67 158.90 158.60 40.14 12.99 4.07 12.51 1.80 
25 60.04 52.38 36.36 54.83 52.38 21.93 9.97 2.82 5.64 2.50 
25 HH 64.26 63.38 22.95 64.65 64.67 18.86 6.27 1.50 9.82 1.78 
 
 
 
Table B-15. Shower per Capita Use, Volume, Duration and Flow Rate, 24HH-Feb 2001 
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Daily per capita (Lpcd) Volume (l/shower) Duration 
(min/shower) 
Flow rate (Lpm) HH ID 
Mean Median Std Dev Mean Median Std. Dev. Mean Std. Dev Mean Std. Dev 
1 72.55 73.75 9.30 74.18 68.25 19.49 5.15 1.23 14.39 1.28 
2 37.50 36.33 8.66 31.56 31.00 5.47 3.36 0.49 9.44 1.28 
3 74.75 71.12 30.99 74.75 71.12 30.99 5.67 1.60 12.87 2.90 
4 21.64 20.70 7.38 54.90 51.75 15.88 4.62 1.37 11.89 0.94 
5 75.64 73.25 30.36 53.47 48.83 15.46 7.78 1.84 6.81 0.61 
6 70.95 71.75 18.26 75.49 71.62 25.57 6.24 1.20 12.21 3.25 
7 108.71 91.50 54.54 79.61 81.50 15.05 6.86 0.90 11.60 1.71 
8 92.36 109.00 48.16 50.57 55.25 23.60 4.21 1.18 11.15 3.91 
9 57.16 60.50 20.78 83.11 87.75 23.14 7.95 1.87 10.38 1.05 
10 73.80 69.38 13.29 86.92 87.17 13.91 5.90 0.86 14.75 1.62 
11 24.50 25.00 10.44 27.71 29.00 7.89 7.07 1.24 3.87 0.77 
12 19.80 19.25 5.95 24.65 25.50 9.49 5.87 1.71 4.13 0.56 
13 34.86 39.92 17.31 65.42 68.00 29.54 7.50 2.97 8.66 3.02 
14 39.32 47.25 16.00 40.17 38.50 11.54 7.60 1.80 5.33 1.12 
15 32.00 34.25 17.03 57.54 58.00 16.74 5.31 1.28 10.88 2.45 
16 77.61 64.75 42.24 63.87 62.80 13.63 4.13 0.59 15.37 1.36 
17 71.68 62.88 17.62 61.70 61.43 11.90 5.81 1.23 10.71 0.93 
18 54.83 56.62 17.98 86.88 85.88 31.77 10.08 3.23 8.54 1.28 
19 60.66 57.50 20.34 60.91 58.25 12.49 6.36 1.04 9.55 0.94 
20 50.12 50.62 7.69 60.34 66.50 13.22 5.63 1.11 10.70 1.08 
21 35.64 31.00 13.37 62.01 62.00 17.59 8.79 2.38 7.06 0.85 
22 62.19 66.17 23.17 58.04 64.83 15.94 5.98 0.88 9.58 2.05 
23 140.41 141.80 38.20 156.32 158.60 44.29 12.79 4.36 12.51 1.80 
24 57.27 52.38 28.51 50.40 52.38 15.63 9.43 1.78 5.43 1.87 
24 HH 60.25 59.44 28.51 64.19 64.41 26.12 6.27 2.11 9.91 3.21 
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Table B-16. Washing Machine Average Daily Water Usage per Household and per Capita, 24HH-Feb 
2001 
HH Id HH 
Size 
Ave 
Use/Household/Day 
(Lpd) 
Ave Use/person/day 
(Lpcd) 
Type Litres/load  Ave Load/day 
1 4 183.29 45.82 T 190.75 1.00 
2 3 19.50 6.50 F 46.38 0.43 
3 2 137.43 68.71 T 157.9 0.86 
4 5 50.50 10.10 F 70.70 0.71 
5 2 70.79 35.39 T 165.17 0.43 
6 4 153.64 38.41 T 130.60 1.14 
7 1 78.93 78.93 T 105.17 0.71 
8 1 58.86 58.86 T 107.25 0.57 
9 4 48.21 12.05 T 112.50 0.43 
10 4 90.21 22.55 F 126.75 0.71 
11 2 33.86 16.93 T 118.50 0.29 
12 2 35.14 17.57 T 123.00 0.29 
13 3 15.93 5.31 T 21.83 0.71 
14 2 71.79 35.89 T 163.12 0.43 
15 4 21.93 5.48 T 153.50 0.14 
16 4 236.79 59.20 T 140.76 1.57 
17 4 203.64 50.91 T 178.45 1.14 
18 2 41.00 20.50 T 143.50 0.29 
19 5 96.36 19.27 F 168.62 0.57 
20 4 131.21 32.80 F 114.81 1.14 
22 4 50.29 12.57 T 176.00 0.29 
23 3 124.36 41.45 T 145.08 0.86 
24 5 141.36 28.27 T 179.11 0.86 
25 4 73.21 18.30 T 58.08 1.00 
Average 3.25 90.34 30.91  129.06 0.69 
 
 
 
Table B-17. Average Daily Leakage, 24HH-Feb 2001 
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HH Id Average Daily 
Use 
Leakage Percentage of leakage 
to Average Daily Use 
Leakage/person Median Std Dev 
1 1472.36 516.57 35.08 129.14 117.88 97.67 
2 415.14 0.00 - 0 0 0 
3 519.07 19.50 3.76 9.75 0 20.64 
4 1061.43 0 - 0 0 0 
5 627.07 62.14 9.91 31.07 0 53.07 
6 579.71 0 - 0 0 0 
7 542.36 0 - 0 0 0 
8 156.8 0 - 0 0 0 
9 838.79 92.64 11.04 23.16 0 44.23 
10 851.93 168 19.72 42 5.62 60.72 
11 157.71 0 - 0 0 0 
12 250.64 0 - 0 0 0 
13 266.36 0 - 0 0 0 
14 970.79 0.00 - 0 0 0 
15 1414 106.80 7.55 26.70 0 0 
16 1327.93 0 - 0 0 0 
17 1012 15.86 1.57 3.96 0 10.49 
18 1685.43 224.50 13.32 112.25 130.75 32.55 
19 1130.57 0 - 0 0 0 
20 1409.21 0 - 0 0 0 
22 765.5 232.43 30.36 58.11 59.38 6.40 
23 1252.79 118.29 9.44 39.43 0 60.47 
24 1996.36 581.86 29.15 116.37 198.67 12.59 
25 749.29 0 - 0 0 0 
Average 893.88 89.11 9.97 24.66 21.35 16.62 
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Appendix C. Garden Watering 
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Recorded Irrigation = 1468
Average Volume = 201.91 Litres
Median Volume = 66.09 Litres
Standard Deviation = 411.56 Litres
 
Figure C-1. Average Irrigation Volume, Feb 2004 
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Recorded Irrigation = 1468
Average Duration = 16.78 min
Median Duration = 4.83 min
Standard Deviation = 52.78 min
 
Figure C-2. Average Irrigation Duration, Feb 2004 
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Feb 2004_84HH:
Average Number of Garden Watering per Household per Week = 3.07
Median Number of Garden Watering per Household per week = 2.66
Standard Deviation = 1.90
 
Figure C-3. Frequency of Garden Watering per Household per Week, Feb 2004 
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Auto Sprinklers: 6 Households
Recorded Garden Watering: 107
Average Volume per Watering: 359.57L
Hoses: 48 Households
Recorded Garden Watering: 723
Average Volume per Watering: 165.98L
Hose & Manual Sprinklers: 2 Households
Recorded Garden Watering: 11
Average Volume per Watering: 487.80L
Manual Sprinklers: 19 Households
Recorded Garden Watering: 496
Average Volume per Watering: 246.91L
Others: 9 Households
Recorded Garden Watering: 131
Average Volume per Watering: 77.05L
 
Figure C-4. Average Irrigation Volume by Main Method, Feb 2004 
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Hose & Manual Sprinklers: 2 Households
Recorded Garden Watering: 11
Average Duration per Watering: 59.11min
Manual Sprinklers: 19 Households
Recorded Garden Watering: 496
Average Duration per Watering: 18.84min
Others: 9 Households
Recorded Garden Watering: 131
Average Duration per Watering: 5.38min
 
Figure C-5. Average Duration per Irrigation by Main Method, Feb 2004 
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Figure C-6. Frequency of Garden Watering per Household per Week by Main Irrigation Method, Feb 
2004 
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Figure C-7. Main Type of Irrigation Method, Feb 2004 
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Appendix D. Tables for East Doncaster Analysis 
Table D-1. Basic Statistics for January and July Half-hourly Data, East Doncaster, 1991-2001 
January July Time 
Valid N Ave Min Max S D Valid N Ave Min Max S D 
0:00  259 7.18 0.70 20.30 3.52 288 1.28 0.00 4.39 1.10 
0:30  254 5.49 0.03 14.40 3.06 279 0.81 0.00 3.11 0.78 
1:00  255 4.38 0.02 12.19 2.59 279 0.60 0.00 3.11 0.57 
1:30  255 3.76 0.04 10.82 2.31 279 0.51 0.00 4.20 0.50 
2:00  255 4.30 0.11 12.00 2.64 279 0.46 0.00 1.40 0.34 
2:30  252 4.21 0.04 10.88 2.66 279 0.43 0.00 1.40 0.32 
3:00  254 3.79 0.04 11.33 2.38 279 0.44 0.00 1.39 0.31 
3:30  254 3.50 0.02 8.77 2.24 279 0.46 0.00 1.15 0.31 
4:00  254 3.78 0.21 9.51 2.41 279 0.51 0.00 1.33 0.30 
4:30  255 3.60 0.19 8.51 2.23 279 0.58 0.00 1.31 0.32 
5:00  255 4.27 0.12 10.24 2.58 279 0.72 0.00 1.66 0.33 
5:30  255 4.66 0.10 10.91 2.81 279 0.89 0.00 2.20 0.40 
6:00  255 6.13 0.49 15.53 3.51 279 1.41 0.00 5.10 1.08 
6:30  255 8.98 0.14 25.20 4.77 279 3.77 0.00 11.06 2.85 
7:00  255 11.83 0.61 29.40 6.22 279 6.17 0.00 15.75 4.40 
7:30  255 14.98 0.69 35.76 7.64 279 8.69 0.58 19.20 5.38 
8:00  255 16.91 1.02 38.40 8.17 279 9.71 0.90 19.80 4.89 
8:30  255 18.42 1.40 41.26 8.06 279 9.92 2.16 18.00 3.75 
9:00  255 19.32 2.40 40.10 7.52 279 9.74 2.10 19.39 3.50 
9:30  255 20.48 4.20 41.65 7.33 279 10.49 1.66 20.29 3.88 
10:00  255 20.22 4.64 41.30 7.31 279 10.46 1.40 22.80 4.34 
10:30  255 19.66 4.90 40.25 7.15 279 10.15 1.40 21.94 4.61 
11:00  255 18.71 4.20 36.28 7.13 279 9.31 0.80 21.60 4.70 
11:30  255 17.29 3.09 36.72 6.96 279 8.40 0.44 21.00 4.66 
12:00  255 16.09 3.11 35.00 6.73 279 7.30 0.35 21.00 4.47 
12:30  255 14.53 2.35 32.90 6.36 279 6.23 0.00 20.40 4.21 
13:00  255 13.30 1.40 29.40 5.87 279 5.58 0.11 18.60 3.97 
13:30  255 12.56 2.10 26.83 5.44 279 5.06 0.00 18.00 3.60 
14:00  255 12.05 1.68 27.25 5.17 279 4.66 0.07 14.70 3.31 
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January July Time 
Valid N Ave Min Max S D Valid N Ave Min Max S D 
14:30  255 11.78 1.40 28.23 5.19 279 4.25 0.03 14.40 3.07 
15:00  255 11.71 1.40 28.00 5.15 279 4.10 0.08 13.39 2.99 
15:30  255 11.98 1.40 27.69 5.32 279 4.09 0.00 14.40 2.88 
16:00  255 12.80 1.40 28.16 5.59 279 4.77 0.07 13.80 2.84 
16:30  255 14.05 1.40 33.86 6.25 279 5.12 0.20 14.40 2.97 
17:00  255 16.21 1.75 35.89 7.25 279 5.94 0.75 14.40 3.08 
17:30  255 19.41 1.40 40.25 8.82 279 7.25 1.40 15.68 3.34 
18:00  255 22.52 2.10 51.10 10.41 279 7.49 1.94 15.60 3.34 
18:30  255 24.96 2.10 53.90 11.86 279 7.37 2.10 13.80 3.11 
19:00  255 28.40 2.80 67.20 14.19 279 7.25 2.24 14.40 2.98 
19:30  255 29.74 2.74 77.70 16.09 279 6.81 1.73 13.80 2.87 
20:00  255 30.78 2.45 86.80 17.79 279 5.87 0.91 13.20 2.88 
20:30  255 30.13 2.10 89.25 17.97 279 5.87 0.87 13.01 2.79 
21:00  255 26.95 1.40 82.60 16.70 279 4.74 0.94 10.87 2.61 
21:30  255 21.30 1.07 72.10 13.18 279 4.28 0.32 11.25 2.48 
22:00  255 16.79 0.84 56.00 9.85 279 3.83 0.60 10.20 2.38 
22:30  255 14.42 1.85 47.60 7.39 279 3.79 0.65 9.97 2.25 
23:00  255 11.74 1.40 37.63 5.82 279 3.27 0.12 8.55 2.00 
23:30  255 9.18 0.16 30.94 4.54 279 2.05 0.00 8.36 1.61 
 
Table D-2. Average Half-hourly Water Use per Day of the Week, January 1991-2001 
Time Mon Tues Wed Thur Fri Sat Sun Weekdays  Weekends 
12:00 AM 7.51 7.05 6.90 7.45 6.99 6.97 7.41 7.18 7.18 
12:30 AM 5.83 5.73 5.02 5.20 5.24 5.37 6.07 5.40 5.71 
1:00 AM 4.75 4.48 4.04 4.04 4.15 4.29 4.90 4.30 4.59 
1:30 AM 4.02 3.71 3.45 3.48 3.67 3.73 4.29 3.67 4.00 
2:00 AM 4.65 4.30 4.05 4.05 4.23 4.17 4.61 4.26 4.38 
2:30 AM 4.46 4.27 4.11 4.06 4.19 4.01 4.39 4.22 4.20 
3:00 AM 4.11 3.82 3.63 3.66 3.80 3.68 3.82 3.81 3.75 
3:30 AM 3.72 3.70 3.28 3.48 3.42 3.35 3.56 3.52 3.46 
4:00 AM 4.15 3.92 3.55 3.85 3.65 3.57 3.76 3.82 3.67 
4:30 AM 3.79 3.73 3.47 3.72 3.59 3.30 3.58 3.66 3.44 
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Time Mon Tues Wed Thur Fri Sat Sun Weekdays  Weekends 
5:00 AM 4.56 4.43 4.14 4.47 4.19 3.86 4.25 4.36 4.05 
5:30 AM 5.14 5.09 4.56 4.91 4.52 4.05 4.40 4.84 4.22 
6:00 AM 6.81 6.77 6.42 6.66 6.28 4.94 5.05 6.58 4.99 
6:30 AM 10.28 10.27 9.79 10.46 9.77 6.15 6.19 10.11 6.17 
7:00 AM 13.60 13.62 13.55 14.01 12.93 7.75 7.40 13.54 7.58 
7:30 AM 17.16 16.93 17.15 17.48 16.22 10.65 9.26 16.98 9.97 
8:00 AM 18.95 18.40 18.92 19.02 18.20 13.46 11.46 18.70 12.47 
8:30 AM 19.93 18.91 19.43 19.57 18.95 17.33 14.77 19.36 16.07 
9:00 AM 20.17 19.15 19.40 19.07 19.23 20.12 18.07 19.41 19.11 
9:30 AM 21.05 19.34 19.64 19.21 20.35 22.77 20.88 19.93 21.84 
10:00 AM 20.63 18.33 19.28 17.99 19.51 23.65 22.00 19.16 22.84 
10:30 AM 19.82 17.42 18.44 16.49 18.85 23.81 22.64 18.23 23.23 
11:00 AM 18.76 16.10 17.05 15.47 17.54 23.28 22.61 17.00 22.95 
11:30 AM 17.02 14.57 15.64 14.13 15.86 21.91 21.78 15.46 21.85 
12:00 PM 15.76 13.57 14.23 13.25 14.41 20.48 20.84 14.26 20.66 
12:30 PM 13.78 12.17 12.74 11.89 12.73 18.88 19.45 12.67 19.16 
1:00 PM 12.50 11.27 11.65 11.01 11.75 17.35 17.48 11.64 17.42 
1:30 PM 11.95 10.75 10.79 10.38 11.27 16.26 16.42 11.04 16.34 
2:00 PM 11.33 10.71 10.37 10.08 10.97 15.43 15.43 10.70 15.43 
2:30 PM 10.71 10.62 10.16 10.11 10.75 15.35 14.75 10.47 15.05 
3:00 PM 10.68 10.31 10.39 10.23 10.79 15.23 14.32 10.48 14.78 
3:30 PM 11.21 10.70 10.53 10.36 11.06 15.69 14.27 10.78 14.99 
4:00 PM 11.97 11.63 11.47 11.30 12.04 16.28 14.85 11.69 15.57 
4:30 PM 13.85 12.87 12.74 12.73 13.18 17.19 15.72 13.08 16.46 
5:00 PM 16.02 15.35 15.05 15.16 14.92 19.29 17.63 15.30 18.47 
5:30 PM 19.29 18.98 18.81 18.15 17.56 22.35 20.72 18.56 21.54 
6:00 PM 22.11 22.84 22.35 21.13 20.31 24.86 24.03 21.75 24.45 
6:30 PM 24.72 25.77 25.06 24.24 22.80 25.79 26.38 24.51 26.08 
7:00 PM 28.20 29.84 28.68 28.25 26.06 27.81 30.07 28.20 28.93 
7:30 PM 30.24 31.62 30.28 30.00 26.65 27.81 31.69 29.75 29.72 
8:00 PM 31.51 33.69 31.44 31.41 27.25 27.45 32.89 31.04 30.14 
8:30 PM 30.94 32.70 30.61 30.99 26.51 26.46 32.88 30.33 29.63 
9:00 PM 27.92 28.49 27.50 28.02 23.97 23.03 29.88 27.16 26.41 
9:30 PM 21.99 22.73 21.73 22.18 19.00 18.29 23.33 21.51 20.78 
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Time Mon Tues Wed Thur Fri Sat Sun Weekdays  Weekends 
10:00 PM 17.20 17.43 17.25 17.52 15.17 14.26 18.78 16.91 16.49 
10:30 PM 14.97 14.89 14.83 14.98 13.32 12.54 15.47 14.59 13.99 
11:00 PM 12.08 11.83 11.95 12.28 11.11 10.18 12.78 11.85 11.46 
11:30 PM 9.12 8.94 9.21 9.35 9.02 8.78 9.84 9.13 9.30 
 
Table D-3. Average Half-hourly Water Use per Day of the Week, July 1991-2001 
Time Mon Tues Wed Thur Fri Sat Sun Weekdays Weekends  
12:00 AM 1.12 1.12 1.07 1.07 1.19 1.67 1.74 1.11 1.71 
12:30 AM 0.74 0.59 0.63 0.69 0.70 0.98 1.32 0.67 1.15 
1:00 AM 0.55 0.49 0.52 0.52 0.48 0.71 0.97 0.51 0.84 
1:30 AM 0.47 0.40 0.53 0.44 0.45 0.58 0.71 0.46 0.64 
2:00 AM 0.46 0.38 0.48 0.43 0.39 0.52 0.55 0.43 0.53 
2:30 AM 0.43 0.40 0.43 0.44 0.39 0.39 0.51 0.42 0.45 
3:00 AM 0.47 0.44 0.45 0.47 0.42 0.39 0.42 0.45 0.41 
3:30 AM 0.48 0.46 0.48 0.51 0.45 0.43 0.43 0.48 0.43 
4:00 AM 0.57 0.54 0.55 0.51 0.52 0.46 0.45 0.54 0.45 
4:30 AM 0.60 0.58 0.64 0.59 0.62 0.49 0.53 0.61 0.51 
5:00 AM 0.76 0.72 0.79 0.75 0.78 0.65 0.59 0.76 0.62 
5:30 AM 0.97 0.94 0.96 1.02 1.02 0.75 0.58 0.98 0.66 
6:00 AM 1.62 1.65 1.68 1.66 1.69 0.86 0.69 1.66 0.77 
6:30 AM 4.66 4.90 5.00 5.03 4.89 1.05 0.82 4.90 0.93 
7:00 AM 7.68 8.17 8.23 8.42 8.04 1.47 1.06 8.11 1.27 
7:30 AM 10.67 10.81 11.33 11.18 11.23 3.61 1.79 11.05 2.71 
8:00 AM 11.19 11.37 11.73 11.74 11.88 6.60 3.32 11.58 4.98 
8:30 AM 10.58 10.23 10.71 10.93 11.06 9.69 6.12 10.70 7.93 
9:00 AM 9.41 9.13 9.49 9.48 9.94 11.80 8.93 9.49 10.38 
9:30 AM 9.69 8.85 9.25 9.36 9.98 14.28 12.08 9.43 13.19 
10:00 AM 9.54 8.25 8.76 8.53 9.51 15.22 13.50 8.92 14.37 
10:30 AM 9.05 7.64 7.89 7.87 8.77 15.21 14.69 8.25 14.95 
11:00 AM 8.16 6.58 7.06 7.06 7.81 14.09 14.52 7.34 14.30 
11:30 AM 6.97 5.81 6.00 6.06 6.86 13.13 14.10 6.34 13.61 
12:00 PM 6.19 4.93 4.88 5.18 5.88 11.40 12.83 5.41 12.10 
12:30 PM 4.98 4.07 4.19 4.27 5.13 9.93 11.19 4.53 10.55 
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Time Mon Tues Wed Thur Fri Sat Sun Weekdays Weekends  
1:00 PM 4.52 3.64 3.56 3.88 4.72 9.01 9.84 4.06 9.42 
1:30 PM 4.13 3.26 3.34 3.65 4.12 8.26 8.70 3.70 8.48 
2:00 PM 3.89 3.28 3.16 3.09 3.65 7.60 8.03 3.41 7.81 
2:30 PM 3.52 2.90 2.89 2.70 3.59 7.10 7.10 3.12 7.10 
3:00 PM 3.37 2.91 2.82 2.80 3.46 6.92 6.44 3.07 6.68 
3:30 PM 3.36 2.96 2.82 2.85 3.66 6.79 6.29 3.13 6.54 
4:00 PM 4.29 3.81 3.77 3.93 4.57 6.76 6.28 4.07 6.52 
4:30 PM 4.67 4.19 4.40 4.28 4.84 7.07 6.43 4.48 6.75 
5:00 PM 5.29 5.16 5.14 5.11 5.50 8.02 7.39 5.24 7.71 
5:30 PM 6.71 6.66 6.60 6.67 6.80 9.14 8.18 6.69 8.66 
6:00 PM 7.06 7.06 7.08 7.13 6.87 9.38 7.83 7.04 8.62 
6:30 PM 7.24 7.30 7.28 7.36 6.86 8.32 7.22 7.21 7.78 
7:00 PM 7.70 7.68 7.58 7.45 6.70 7.07 6.54 7.42 6.80 
7:30 PM 7.27 7.18 7.20 7.01 5.91 6.19 6.92 6.91 6.55 
8:00 PM 6.42 6.50 6.47 6.31 4.99 4.89 5.52 6.14 5.20 
8:30 PM 6.34 6.34 5.81 6.39 4.79 4.62 6.86 5.93 5.73 
9:00 PM 5.33 4.87 4.80 5.18 4.43 3.72 4.83 4.92 4.27 
9:30 PM 4.41 4.62 4.33 4.67 4.10 3.33 4.50 4.42 3.91 
10:00 PM 4.12 4.35 4.15 4.41 3.35 2.86 3.54 4.08 3.20 
10:30 PM 4.12 4.03 3.84 4.13 3.61 2.98 3.82 3.95 3.40 
11:00 PM 3.22 3.23 3.58 3.42 3.22 2.65 3.58 3.34 3.11 
11:30 PM 1.98 1.71 1.83 2.16 2.56 2.26 1.86 2.05 2.06 
 
Table D-4. Average Half-hourly Demand Profile per year, January 1991-2001 
Time 1991 1992 1993 1994 1996 1997 1999 2000 2001 
12:00 AM 7.37 2.27 5.16 4.99 6.41 9.48 8.25 8.57 10.92 
12:30 AM 6.10 0.90 3.49 3.73 5.46 7.61 5.78 6.82 8.85 
1:00 AM 4.50 0.51 3.16 3.15 4.79 6.04 4.16 5.30 7.40 
1:30 AM 3.95 0.39 2.90 2.69 3.99 5.47 3.72 4.37 6.15 
2:00 AM 4.13 0.56 3.17 2.67 4.14 6.39 3.69 5.74 7.66 
2:30 AM 3.91 0.38 2.43 2.45 3.60 6.05 4.41 5.61 7.90 
3:00 AM 4.01 0.35 2.05 2.59 3.58 6.09 3.57 4.40 6.77 
3:30 AM 3.23 0.30 1.64 2.64 3.22 5.00 3.30 4.69 6.56 
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Time 1991 1992 1993 1994 1996 1997 1999 2000 2001 
4:00 AM 3.13 0.44 1.61 2.67 3.50 5.52 3.67 5.00 7.26 
4:30 AM 2.91 0.50 1.38 2.85 3.64 5.73 3.24 4.71 6.27 
5:00 AM 3.85 0.67 1.70 3.01 4.13 6.20 4.00 5.96 7.76 
5:30 AM 4.04 0.86 1.93 3.21 4.26 6.72 4.40 6.78 8.50 
6:00 AM 4.89 1.51 3.24 4.32 5.27 9.20 6.02 8.14 10.97 
6:30 AM 8.28 2.93 5.68 6.73 7.91 11.66 10.59 10.90 14.60 
7:00 AM 10.28 4.96 8.17 9.62 10.78 15.54 13.05 13.86 18.18 
7:30 AM 13.35 7.29 11.07 12.81 14.50 18.49 16.71 16.08 22.34 
8:00 AM 15.96 8.82 13.38 14.39 15.66 20.99 18.29 18.09 24.90 
8:30 AM 18.83 10.11 15.39 15.99 16.39 22.77 19.94 19.29 26.03 
9:00 AM 20.08 11.78 16.90 17.22 17.57 23.49 20.98 19.61 25.62 
9:30 AM 21.05 12.98 18.63 18.86 19.12 23.97 22.35 20.72 26.10 
10:00 AM 21.03 12.58 18.66 18.40 19.43 24.11 21.64 20.37 25.44 
10:30 AM 20.95 12.68 17.61 17.39 19.21 23.38 21.47 19.58 24.36 
11:00 AM 20.02 11.52 17.11 16.82 18.49 22.10 20.49 18.72 22.97 
11:30 AM 18.61 10.38 14.93 15.34 16.55 20.72 19.28 18.07 21.34 
12:00 PM 17.12 9.24 13.52 14.18 15.52 19.38 18.07 16.74 20.45 
12:30 PM 15.63 8.00 11.95 12.48 13.72 17.38 16.36 15.77 18.93 
1:00 PM 14.63 6.98 10.99 11.11 12.19 16.38 14.82 14.75 17.45 
1:30 PM 14.19 6.46 10.71 10.38 11.44 15.33 13.75 14.12 16.55 
2:00 PM 13.20 6.15 10.30 9.79 11.52 14.49 13.33 13.41 16.05 
2:30 PM 13.24 5.64 10.37 9.56 11.03 14.26 13.27 13.12 15.59 
3:00 PM 13.30 5.76 10.06 9.63 10.60 14.05 13.29 12.66 16.04 
3:30 PM 13.30 5.98 10.15 9.82 10.61 14.58 13.62 12.97 16.61 
4:00 PM 14.39 6.97 11.13 10.40 11.56 15.54 14.50 13.34 17.33 
4:30 PM 15.73 8.17 12.42 11.13 12.78 16.81 16.12 14.40 18.91 
5:00 PM 19.16 10.95 14.85 12.95 14.72 19.37 17.71 15.69 21.09 
5:30 PM 23.19 14.00 18.24 15.50 17.55 23.06 21.15 18.13 24.91 
6:00 PM 26.96 16.57 20.93 17.86 20.74 26.75 24.50 20.49 29.02 
6:30 PM 29.45 18.04 21.95 19.37 22.42 30.09 28.46 22.62 32.83 
7:00 PM 33.72 20.48 24.51 22.00 24.38 34.73 32.61 25.23 38.54 
7:30 PM 36.73 20.97 25.39 21.88 25.47 36.86 34.66 26.45 40.26 
8:00 PM 38.55 19.88 26.11 21.90 26.45 38.71 36.56 27.59 42.50 
8:30 PM 38.16 18.93 25.05 21.47 25.40 38.53 35.78 27.58 41.40 
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Time 1991 1992 1993 1994 1996 1997 1999 2000 2001 
9:00 PM 33.92 15.35 22.49 18.63 23.34 34.96 32.11 25.21 37.50 
9:30 PM 27.91 10.36 18.04 14.33 18.26 27.86 25.59 20.10 30.56 
10:00 PM 20.91 8.59 14.16 11.69 13.55 22.62 19.74 16.26 24.13 
10:30 PM 18.40 7.56 12.44 10.26 12.22 18.58 16.73 15.12 19.24 
11:00 PM 14.11 5.31 9.97 8.63 9.97 15.08 13.69 12.71 16.39 
11:30 PM 10.74 3.28 7.34 6.65 7.80 12.11 11.13 10.76 12.68 
 
Table D-5. Average Half-hourly Demand Profile per Year, July 1991-2001 
Time 1991 1992 1994 1995 1996 1997 1998 1999 2000 
12:00 AM 1.42 2.14 0.50 1.14 1.33 0.02 0.24 1.71 3.04 
12:30 AM 0.84 1.45 0.16 0.83 0.97 0.05 0.05 0.94 1.94 
1:00 AM 0.51 1.11 0.13 0.80 0.75 0.09 0.09 0.55 1.41 
1:30 AM 0.41 0.99 0.12 0.84 0.60 0.14 0.12 0.26 1.11 
2:00 AM 0.34 0.70 0.18 0.88 0.60 0.19 0.17 0.29 0.76 
2:30 AM 0.30 0.58 0.24 0.93 0.53 0.24 0.22 0.21 0.60 
3:00 AM 0.38 0.37 0.30 0.99 0.54 0.28 0.27 0.27 0.56 
3:30 AM 0.29 0.49 0.36 1.04 0.50 0.33 0.32 0.31 0.53 
4:00 AM 0.38 0.48 0.42 1.10 0.60 0.38 0.38 0.44 0.45 
4:30 AM 0.51 0.65 0.48 1.15 0.69 0.43 0.43 0.33 0.56 
5:00 AM 0.61 0.82 0.55 1.21 0.86 0.47 0.48 0.72 0.77 
5:30 AM 1.00 1.00 0.60 1.27 1.00 0.52 0.53 0.96 1.16 
6:00 AM 1.28 1.53 0.79 1.32 1.31 0.55 0.77 2.35 2.79 
6:30 AM 3.71 3.66 1.64 2.25 2.71 3.35 3.98 5.73 6.94 
7:00 AM 6.10 6.45 2.79 3.50 4.43 6.29 7.15 8.89 9.94 
7:30 AM 8.94 8.98 4.71 4.81 6.41 9.17 10.06 11.74 13.34 
8:00 AM 9.93 10.42 5.65 5.23 7.10 9.92 11.08 13.60 14.47 
8:30 AM 9.83 11.35 6.15 5.32 6.92 10.45 11.38 13.57 14.28 
9:00 AM 9.59 10.83 6.01 5.51 6.91 10.35 10.71 13.38 14.40 
9:30 AM 10.68 11.97 6.75 6.25 7.38 10.89 11.50 14.01 15.02 
10:00 AM 10.44 12.42 6.64 6.39 7.50 10.77 11.11 14.04 14.86 
10:30 AM 10.20 12.17 6.62 6.22 7.13 10.39 10.70 13.45 14.42 
11:00 AM 9.28 10.94 5.88 5.55 6.28 9.62 10.01 12.66 13.55 
11:30 AM 7.84 9.76 5.06 4.90 5.73 8.58 8.78 12.21 12.74 
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Time 1991 1992 1994 1995 1996 1997 1998 1999 2000 
12:00 PM 6.75 8.27 4.15 3.91 4.90 7.21 7.46 11.08 12.01 
12:30 PM 5.44 6.94 3.18 3.14 4.05 5.89 6.46 10.06 10.93 
1:00 PM 4.95 5.93 2.82 2.71 3.63 5.34 5.21 9.22 10.42 
1:30 PM 4.54 5.08 2.35 2.55 3.32 4.59 4.93 8.52 9.64 
2:00 PM 4.17 4.63 2.28 2.33 3.13 4.25 4.30 7.72 9.14 
2:30 PM 3.85 4.50 1.82 2.26 2.79 3.43 4.06 7.09 8.40 
3:00 PM 3.57 4.23 1.64 2.34 2.73 3.06 3.84 7.08 8.37 
3:30 PM 3.61 4.45 1.85 2.34 2.81 3.15 3.82 6.78 8.03 
4:00 PM 4.04 4.83 2.11 2.70 3.08 4.20 4.76 7.87 9.31 
4:30 PM 4.51 5.22 2.17 2.52 3.20 4.86 5.14 8.69 9.77 
5:00 PM 5.36 6.17 2.77 3.04 3.97 5.64 6.32 9.66 10.51 
5:30 PM 6.56 7.14 3.39 3.80 4.82 7.70 8.30 11.16 12.35 
6:00 PM 7.04 7.28 3.17 4.05 4.97 8.15 8.89 11.16 12.66 
6:30 PM 6.60 7.39 3.18 3.99 5.11 8.22 8.68 10.89 12.29 
7:00 PM 6.56 7.20 3.31 3.99 5.08 7.77 8.63 10.75 11.94 
7:30 PM 6.72 6.74 3.28 3.75 4.74 6.73 7.71 10.03 11.59 
8:00 PM 5.42 5.95 2.53 3.02 3.98 5.47 6.62 9.19 10.68 
8:30 PM 5.71 6.01 2.66 3.25 3.89 5.44 6.65 8.79 10.47 
9:00 PM 4.36 4.79 1.88 2.31 3.17 3.85 5.26 7.68 9.33 
9:30 PM 3.94 4.46 1.67 2.23 2.84 3.17 4.42 6.91 8.87 
10:00 PM 3.61 3.82 1.43 1.90 2.60 2.89 3.50 6.36 8.36 
10:30 PM 3.85 4.69 1.61 2.46 2.99 2.05 3.00 5.41 8.06 
11:00 PM 3.24 4.28 1.39 2.01 2.58 1.51 2.73 5.04 6.66 
11:30 PM 1.88 3.11 0.71 1.31 1.76 0.39 1.24 3.30 4.78 
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Appendix E. List of Publications 
This appendix lists the following conference and journal papers written relating to this study: 
Gato, S. A., Jayasuriya, N. and Roberts, P. “Temperature and Rainfall Thresholds for Urban 
Water Demand Modelling”. Submitted to Journal of Hydrology, is currently under review after 
the first revision is submitted. 
Gato, S. A., Jayasuriya, N. and Roberts, P. “Forecasting Residential Water Demand”. 
Journal of Water Resources Planning and Management. American Society of Civil 
Engineers, April 2006. Accepted for publication. 
Gato, S. A., Jayasuriya, N., Roberts, P. and Hadgraft, R. “A Simple Time Series Approach to 
Modelling Urban Water Demand”. Australian Journal of Water Resources, Vol 8, No. 2. 
Institution of Engineers, Australia 2005. 
Gato, S. A., Jayasuriya, N., Roberts, P. and Hadgraft, R. “Understanding Residential Water 
Use”. ENVIRO04. Sydney, NSW. 29 – 01 March 2004. 
Gato, S. A., Jayasuriya, N. and Hadgraft, R. “A Simple Time Series Approach to Modelling 
Urban Water Demand”. 28th International Hydrology and Water Resources Symposium. 
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